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A laser diode includes a Substrate having a lattice constant of 
GaAs or between GaAs and GaP, a first cladding layer of 
AlGalnP formed on the substrate, an active layer of GainAsP 
formed on the first cladding layer, an etching stopper layer of 
GalnP formed on the active layer, a pair of current-blocking 
regions of AlGanP formed on the etching stopper layer so as 
to define a strip region therebetween, an optical waveguide 
layer of AlGalnP formed on the pair of current-blocking 
regions so as to cover the etching stopper layer in the Stripe 
region, and a second cladding layer of AlGalnP formed on the 
optical waveguide layer, wherein the current-blocking 
regions having an Al content Substantially identical with an Al 
content of the second cladding layer. 
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LASER DODE AND SEMCONDUCTOR 
LIGHT-EMITTING DEVICE PRODUCING 
VISIBLE-WAVELENGTH RADATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is based on Japanese prior 
ity applications No. 11-220649 filed on Aug. 4, 1999, No. 
11-229794 filed on Aug. 16, 1999, No. 11-243745 filed on 
Aug. 30, 1999, No. 11-339267 filed on Nov. 30, 1999, No. 
2000-057254 filed on Mar. 2, 2000, and No. 2000-144604 
filed on May 12, 2000, the entire contents of which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention generally relates to semicon 
ductor devices and more particularly to semiconductor light 
emitting devices and laser diodes. 
0003 Particularly, the present invention relates to a laser 
diode operable in a wavelength range of 360-680 nm. Further, 
the present invention relates to a laser diode for use in optical 
recording and optical reading of information or light-emitting 
display of information. Further, the present invention relates 
to a semiconductor light-emitting device based on a III-V 
compound semiconductor material. 
0004 Further, the present invention relates to a vertical 
cavity laser diode Suitable for an optical Source of optical 
recording and reading of information or light-emitting dis 
play of information. The present invention further relates to 
an optical information recording apparatus such as a Xero 
graphic image recording system or an optical system and 
optical telecommunication system including an optical inter 
connection device that uses a vertical-cavity laser diode. 
0005. In these days, efforts are being made to develop a 
red-wavelength laser diode operable in the wavelength range 
of 630-680 nm as an optical source of optical disk recording 
apparatuses. Such an optical disk recording apparatus 
includes a DVD (DigitalVideo Disk or Digital Versatile Disk) 
player. The laser diode is used in Such disk recording appa 
ratuses as the optical source for reading and/or writing of 
information. 
0006. In order to increase the writing speed of information 
into the optical disk in Such optical disk devices, it is neces 
sary to increase the output power of the laser diode used 
therein. 
0007 Hereinafter, a brief review will be made on conven 
tional red-wavelength laser diodes. 
0008 FIG. 1 shows the cross-sectional diagram of a con 
ventional red-wavelength laser diode of an AlGalnP system 
disclosed in the Japanese Laid-Open Patent Publication 
11-2688O. 
0009 Referring to FIG. 1, a substrate 1 of n-type GaAs 
carries thereon a buffer layer 2 of n-type GaAs, a cladding 
layer 3 n-type AlGalnP, a quantum well active layer 4 includ 
ing therein alternate and repetitive stacking of an A1GalnP 
layer and a GalnPlayer, a cladding layer 5 of AlGalnP of low 
carrier concentration (2-6x10'7 cm), and an etching stopper 
layer 6 of p-type GalnP. 
0010 Further, there is provided a ridge structure 10 on a 
part of the etching stopper layer 6 wherein the ridge structure 
10 includes a carrier-diffusion suppressing layer 7 of p-type 
AlGalnP, a cladding layer 8 of p-type A1GalnP, and a band 
discontinuity relaxation layer 9 of p-type GalnP. Further, 
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there are formed a pair of electric current blocking regions 11 
of n-type GaAs on the Surface part of the etching stopper layer 
6 where the ridge structure 10 is not formed, and a contact 
layer 12 of p-type GaAs is formed continuously on the current 
blocking regions 11 and the band-discontinuity relaxation 
layer 9 therebetween. The contact layer 12 carries thereon a 
p-type electrode 13, and an n-type electrode 14 is formed on 
the bottom surface of the substrate 1. 
0011. In the laser diode of FIG. 1, there occurs a current 
confinement in the ridge structure 10 wherein the ridge struc 
ture 10 provides a current path between the current-blocking 
regions 11, and the electric current is confined into the ridge 
structure 10 thus formed of p-type GaAs. Further, it should be 
noted that the current-blocking regions 11 absorb the optical 
radiation from the quantum well active layer 4 and there is 
induced a refractive-index difference between the ridge struc 
ture 10 and the region outside the ridge structure 10 as a result 
of such an optical absorption. Thereby, there occurs an optical 
confinement in the ridge structure 10. 
0012 Such a ridge structure 10, while being able to form 
so-called optical loss-guide structure in the laser diode, has a 
drawback in that it increases the threshold current of laser 
oscillation due to the optical absorption caused by the cur 
rent-blocking regions 10. 
0013 FIG. 2 shows the cross-sectional structure of a red 
wavelength laser diode disclosed in the Japanese Laid-Open 
Patent Publication 9-172222. 
0014 Referring to FIG. 2, the laser diode is constructed on 
a substrate 15 of n-type GaAs and includes a buffer layer 16 
of n-type GaAs, a cladding layer 17 of n-type A1GalnP, an 
active layer 18 of GalnP, a cladding layer 19 of p-type 
AlGalnP and an intermediate layer 20 of p-type GalnP. 
wherein the layers 16-20 are formed on the substrate 15 
consecutively by an epitaxial process. 
0015. In the intermediate layer 20, there are formed a pair 
of stripe grooves reaching the p-type cladding layer 19, and 
the stripe grooves thus formed define a stripe ridge 21 ther 
ebetween. Further, current-blocking regions 22 are formed by 
filling the stripe grooves with a layer of n-type AlGaAs, and 
the entire structure is covered by a cap layer 23 of p-type 
GaAs formed by an epitaxial process. 
0016. In the case of the laser diode of FIG. 2, the current 
blocking regions 22 are formed of AlGaAs having a bandgap 
larger than abandgap of the active layer 18. For example, the 
current-blocking regions 22 are formed to contain Al with a 
concentration of 39% in terms of atomic percent when the 
laser diode is designed to operate at the wavelength of 650 
nm. In the case the laser diode is to be operated at the wave 
length of 630 nm, the Al content in the current-blocking 
regions 22 should be 45% or more in terms of atomic percent. 
In Such a case, the current-blocking regions 22 are transparent 
to the laser beam and the loss at the optical waveguide is 
minimized. 
0017 FIG. 3 shows the cross-sectional diagram of a red 
wavelength laser diode disclosed in the Japanese Laid-Open 
Patent Publication 7-249838. 
0018 Referring to FIG.3, the laser diode is constructed on 
a Substrate 24 of GaAs an includes, on the Substrate 24, a 
cladding layer of n-type A1GanPhaving a composition (Alo. 
6Gao)os Inos P. an active layer 26 having a quantum well 
structure formed by an AlGalnP barrier layer and a GalnP 
quantum well layer, an inner cladding layer 27 of p-type 
AlGalnP having a composition of (AloGao)os Inos P. an 
etching stopper layer 28 of p-type GalinPhaving a composi 
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tion of Gao Inos P. an outer cladding layer 29 of p type 
AlGalinPhaving a composition (AloGao). Inos P. a buffer 
layer 30 of p-type GalnPhaving a composition of Gas InsP. 
and a cap layer 31 of p-type GaAs. 
0019. The laser diode is formed with a mesa structure by a 
wet etching process, wherein the wet etching process is con 
ducted while using an SiN mask formed on the cap layer 31 
with a width of 6 um, until the etching stopper layer 28 is 
exposed. After the mesa structure is thus formed, a pair of 
current-blocking regions 32 of n-type AlInP and a pair of cap 
regions 33 of n-type GaAs are formed on the mesa Surface. 
Thereby, the current-blocking regions 32 are grown so as to 
have a composition of A10.5In0.5P on the part making contact 
with the mesa surface. After removing the SiN mask, a con 
tact layer 34 of p-type GaAs is formed so as to cover the cap 
regions 33, the current-blocking regions 32 and the cap layer 
31 on the mesa structure. In the laser diode of FIG. 3, too, the 
problem of waveguide loss is avoided due to the large band 
gap energy of AlInP used for the current-blocking regions 10. 
Further, the use of the AlInP current-blocking regions 32 is 
advantageous in view of the fact that AlInP has a smaller 
refractive-index as compared with the inner and outer clad 
ding layers of p-type A1GalnP. Thereby, it should be noted 
that there is formed a real refractive-index difference between 
the region inside the ridge and the region outside the ridge, 
and a real refractive-index waveguide is formed in the laser 
diode. 
0020. In the laser diode of FIGS. 2 and 3, it should be noted 
that the current-blocking regions 22 or 32 contain an 
increased amount of Al for minimizing the optical absorption 
by the current-blocking regions. As noted already with refer 
ence to FIG. 2, the Al content in the current-blocking region 
22 of AlGaAs has to be set to 39% or more in atomic percent 
when the laser diode is to be operated at the wavelength of 650 
nm. In the case of the laser diode of FIG.3, on the other hand, 
the current-blocking region 32 contains Al with an amount of 
in terms of atomic percent in the vicinity of the mesa Surface, 
while this value of Al concentration is larger than the Al 
concentration (35% in atomic percent) of the A1GalnP clad 
ding layer typically used in an AlGalnPlaser diode. When the 
Al content in a semiconductor layer is large as Such, there 
tends to occur a problem of optical damaging at the edge 
Surface of the laser optical cavity due to non-optical recom 
bination of carriers. It should be noted that the increase of Al 
content tends to increase surface states, while the Surface 
states tend to facilitate the non-optical recombination of car 
1S. 

0021. Thus it is an object of the present invention to pro 
vide a red-wavelength laser diode having a reduced optical 
waveguide loss and simultaneously a reduced optical damage 
at the edge surface of the optical cavity formed in the laser 
diode. 
0022. As noted already, the laser diode of the A1GalnP 
system is becoming an important target of investigation in 
relation to application to laser beam printers, optical disk 
drives and the like, due to the fact that the laser diode of this 
system can produce an optical beam with the wavelength 
range of about 600 um. 
0023. In the application to the optical source of disk drives, 

it is required that the fundamental mode of laser oscillation is 
a horizontal lateral mode of single peak. Further, it is required 
that astigmatism is Small. 
0024. Such a single fundamental mode laser oscillation 
with reduced astigmatism is realized by using a real refrac 
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tive-index waveguide structure, and there is proposed a vis 
ible-wavelength laser diode structure based on an AlGanP 
system as represented in FIG. 4. 
0025 Referring to FIG.4, the laser diode is constructed on 
a Substrate 42 of n-type GaAs and includes a cladding layer 43 
of AlGalnP, an active layer 44 of GalnP, and a cladding layer 
45 of AlGalnP. formed consecutively on the substrate 42. 
0026. After forming the cladding layer 45, a ridge stripe of 
an inverse-mesa structure is formed so as to extend axially, 
and high-resistance regions 46 of AlInP are formed at both 
lateral sides of the stripe structure by causing a selective 
growth process while using an SiO, mask on the stripe region. 
Further, a GalnP layer 48 and a p-type GaAs layer 49 are 
grown selectively and consecutively on the AlGalnP layer 
forming the stripe region While using an SiO, mask formed 
on the high-resistance regions 46. Further, n-type GaAs 
regions 47 are formed on the high-resistance regions 46 at 
both lateral sides of the central Stripe region, and a p-type 
electrode of Cr/Au/Pt/Austructure is formed on the top sur 
face of the p-type GaAs layer 49. Further, an n-type electrode 
41 of AuGe/Ni is formed on the bottom surface of the sub 
strate 42. 

0027. In such a structure, there is formed a real refractive 
index waveguide structure in correspondence to the central 
ridge Stripe. Generally, Such a laser diode is fabricated Such 
that the epitaxial layers constituting the laser structure 
achieves a lattice fitting with the GaAs substrate 42. 
0028. On the other hand, the Japanese Laid-Open Patent 
Publication 5-41560 describes a refractive-index waveguide 
laser diode that uses a double heterostructure of a mixed 
crystal of (AlGa).InP (0.51<as 0.73) formed on a GaAs 
substrate, wherein the foregoing double heterostructure is 
formed with an intervening lattice misfit relaxation layer 
having a composition represented as GaPAS. 
(0029 FIG. 5 shows the relationship between the band 
edge energy and the lattice constant for various III-V crystals, 
wherein the continuous lines represent the band edge energy 
of the conduction band Ec and the valence band Evofa GanP 
mixed crystal while the broken lines represent the conduction 
band energy and Valence band energy of an AlInP mixed 
crystal. 
0030) Referring to FIG. 5, it can be seen that a mixed 
crystal of the A1GalnP system can be used for the cladding 
layer and the active layer as long as the AlGalnP mixed crystal 
has a composition in which the lattice constant is Smaller than 
that of GaAs. When the composition is chosen as such, the 
bandgap energy increases and the laser oscillation wave 
length shifts in the shorter wavelength direction. Thus, the 
foregoing Japanese Laid-Open Patent Publication 5-41560 
proposes a laser diode that can oscillate at the wavelength 
shorter than 600 nm, by choosing the composition of the 
AlGalnP mixed crystal constituting the laser diode. 
0031. On the other hand, the relationship of FIG. 5 also 
indicates the possibility of improvement of performance of 
the red-wavelength laser diode oscillating in the wavelength 
range of 600-660 nm, by using a mixed crystal of AlGalnP 
having a lattice constant between those of GaAs and GaP for 
the cladding layer and the optical waveguide layer. 
0032. Further, laser diodes having a refractive-index 
waveguide structure with current-blocking regions of GaAS 
or AlInP are proposed. In such a refractive-index waveguide 
laser diode, it is also possible to use a mixed crystal of 
AlGalnP for the current-blocking regions. However, the use 
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of a mixed crystal composition containing a large amount of 
Al such as AlInP causes a problem to be described later. 
0033. In order to fabricate such a real refractive-index 
waveguide laser diode, it is necessary to form a real refrac 
tive-index profile in a transverse direction of the active layer. 
Normally, this is achieved by forming a ridge-Stripe structure 
or a groove-stripe during the fabrication process of the laser 
diode by an etching process and by forming a cladding layer 
or current-blocking regions of AlGalnP, and the like, by a 
regrowth process. 
0034. In the case of forming a layer of AlGalnP on a 
substrate of GaP. GaAs or GaPAS by an MOCVD pro 
cess, there is a tendency of extensive formation of hillock 
structure on the surface of the AlGalnP layer thus grown 
when the AlGalnPlayer is grown on the substrate having a 
(100) principal surface or when the offset angle of the sub 
strate principal surface from the (100) surface is small. This 
tendency of hillock formation is enhanced when the mixed 
crystal layer thus grown contains a large amount of Al as in 
the case of an AlInP mixed crystal. 
0035. It is possible to suppress the hillock formation to 
Some extent by using an offset Substrate and by increasing the 
offset angle of the Substrate. However, such Suppressing of 
hillock formation by way of using an offset substrate tends to 
become difficult in the case of an AlGalnP mixed crystal 
containing a large amount of Al and Ga and hence having a 
lattice constant smaller than that of GaAs. Further, use of an 
offset GaAsP Substrate having a large offset angle poses a 
problem of availability as compared with the case of using a 
readily available industrial standard GaAs substrate. 
0036 When such hillock structure exists extensively in the 
semiconductor layers constituting a laser diode or an LED, 
the device performance or the yield of device production may 
be degraded seriously. This problem appears particularly seri 
ous in the case of regrowing a mixed crystal containing Al. In 
Such a case, realization of a Sufficient crystal quality is 
extremely difficult due to the surface oxidation of the under 
lying layer. 
0037. In the case of the laser diode disclosed in the Japa 
nese Laid-Open Patent Publication 5-41560, op. cit., it is 
believed that fabrication of a satisfactory laser diode device 
with high-quality crystal layers is difficult. 
0038. Thus, it is an object of the present invention to 
provide a laser diode operable in the wavelength range of 
600-660 nm wherein the device performance is improved by 
improving the quality of the crystal constituting the current 
blocking regions. 
0039. A material of the AlGalnP system is a direct-transi 
tion type III-V material having the largest bandgap energy 
except for a material of the AlGalnN system. The bandgap 
energy can reach as much as 2.3 eV (540 nm in bandgap 
wavelength). 
0040 Thus, efforts have been made with regard to optical 
semiconductor devices of the AlGalnN system to provide a 
high-luminosity, green to red optical Source for use in various 
color display devices or a laser diode for use in laser printers, 
compact disk drives, DVDs for optical writing of information. 
0041. In the case of a laser diode, a material system achiev 
ing a lattice matching with a GaAs substrate has convention 
ally been used. It should be noted that a laser diode for 
high-density optical recording is required to produce a large 
optical output of short-wavelength in a high temperature envi 
rOnment. 
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0042. In order to construct a laser diode, it is necessary to 
provide a structure for confining both carriers and optical 
radiation in an active layer or light-emitting layer by using a 
cladding layer. Thus, a cladding layer is required to have a 
bandgap larger than a bandgap of the active layer. 
0043. In this regard, the material in the system of AlGalnP 
has a drawback in that the band discontinuity AEc on the 
conduction band tends to become Smaller. In Such a case, the 
injected carriers easily escape from the active layer into the 
cladding layer by causing an overflow. When Such an over 
flow of carriers takes place, the threshold current of laser 
oscillation becomes sensitive with the operational tempera 
ture of the laser diode and the temperature characteristic of 
the laser diode is deteriorated. 
0044. In order to overcome the problem, the Japanese 
Laid-Open Patent Publication 4-114486 proposes a structure 
that uses an MQB (multiple quantum barrier) structure, in 
which a large number of extremely thin layers are stacked 
between the active layer and the cladding layer for carrier 
confinement. This structure, however, is complex, and it has 
been difficult to achieve the desired effect in view of the 
necessity of precision control of thickness of the layers to the 
degree of atomic layer level. 
0045. In an ordinary edge-emission type red-wavelength 
laser diode that uses a structure in which the active layer is 
sandwiched by a pair of optical guide layers having a com 
position represented as (AlGa). InsP, the desired opti 
cal confinement is realized in the optical guide layers of the 
composition (AlGa)os Inos P. On the other hand, the opti 
cal guide layers generally contain Al with a composition X of 
0.5 or more, while such a high concentration of Al in the 
optical waveguide layer causes the problem of optical dam 
aging at the optical cavity edge Surface of the laser diode due 
to the recombination of carriers facilitated by Al. Thus, there 
has been a difficulty in obtaining a high optical output power 
or realizing a stable operation of the laser diode over a long 
period of time. 
0046 Summarizing above, conventional laser diodes con 
structed on a GaAs substrate with lattice matching therewith 
have a problem in operation under high temperature environ 
ment, or high-output operation, or operation over a long 
period of time. For example, it has been difficult to realize a 
red-wavelength laser diode operable under a high tempera 
ture environment such as 80°C. with high output power such 
as 70 mW or more, over a long period of time such as ten 
thousand hours. The difficulty increases with decreasing out 
put wavelength of the laser diode. 
0047. The material of the system of AlGalnP having a 
lattice constant Smaller than the lattice constant of GaAs is 
characterized by a wide bandgap and is suitable for decreas 
ing the output wavelength of the laser diode or light-emitting 
diode. Thus, there is a proposal in the Japanese Laid-Open 
Patent Publication 8-18101 with regard to a light-emitting 
diode (LED) using the foregoing material system as well as 
other material systems. Further, there are proposals of a short 
wavelength laser diode oscillating at a wavelength of 600 nm 
or less. For example, the Japanese Laid-Open Patent Publi 
cation 5-41560 proposes a laser diode in which a double 
heterostructure having a composition of (AlGa).InP 
(0.51<as0.73) and a lattice constant intermediate between 
GaAs and GaP is provided on a GaAs substrate with an 
intervening buffer layer of GaPAS having a composition 
adjusted so as to achieve a lattice matching with the foregoing 
double heterostructure. In the foregoing proposal, the prob 
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lem of lattice misfit is resolved by interposing the buffer layer 
between the substrate and the double heterostructure. 
0048 FIG. 6 shows the relationship between the bandgap 
energy and the lattice constant for various III-V materials. 
0049 Referring to FIG. 6, the continuous lines represent 
the composition causing a direct-transition, while the broken 
lines represent the composition causing an indirect-transi 
tion. It should be noted that the material of the foregoing 
composition (AlGa).InP (0.51<as0.73) having the lattice 
constant between GaAs and GaPfalls in the region defined by 
the composition of AlInP and the composition of GalnP. By 
using the material system of AlGalnPhaving abandgap larger 
than the bandgap of the material achieving a lattice matching 
with a GaAs substrate for the active layer and the cladding 
layers, it is possible to reduce the oscillation wavelength of 
the laser diode to be smaller than 600 nm. 
0050 FIG. 7 shows the construction of a laser diode hav 
ing a refractive-index waveguide disclosed in the Japanese 
Laid-Open Patent Publication 5-41560, wherein the laser 
diode has a lattice constant between GaAs and GaP. 
0051 Referring to FIG.7, the laser diode is constructed on 
a substrate 51 of n-type GaAs and includes a graded layer 52 
of n-type GaPAs formed on the substrate 51, and a superlat 
tice layer 53 of n-type Gao Ino P/(Alo,Gao), InoP 
formed on the graded layer 52, wherein the substrate 51, the 
graded layer 52 and the superlattice layer 53 form together a 
GaPAS semiconductor substrate 54. The GaPAS semiconduc 
tor substrate 54thus formed carries thereon consecutively an 
optical waveguide layer 55 of n-type AlGainPhaving a com 
position of (Alo, Gao), InP, an active layer 56 of 
undoped GalnP having a composition of Gao Ino P and an 
optical waveguide layer 57 of p-type AlGainPhaving a com 
position of (Alo, Gao), InP, and a first buffer layer 58 of 
p-type GalnP, having a composition of Gao Ino P is pro 
vided further on the optical waveguide layer 57. 
0052. The first buffer layer 58 and the underlying optical 
waveguide layer 57 are then subjected to a mesa etching 
process to form a ridge stripe structure, wherein the mesa 
etching process is conducted Such that the optical waveguide 
layer 57 is left with a thickness of 0.2-0.4 um outside the ridge 
stripe structure. 
0053 At both lateral sides of the ridge stripe structure, a 
pair of current-blocking regions 59 of n-type GainPhaving a 
composition of Gao Ino Pare formed by a regrowth process, 
wherein the current-blocking regions 59 function also as an 
optical absorption region. Further, a contact layer 60 of p-type 
GainPhaving a composition of Gao Ino P is formed on the 
current-blocking regions 59 including the ridge Stripe region 
formed therebetween, by a regrowth process. Further, p-type 
electrode 62 and an n-type electrode 61 are formed respec 
tively on the top surface of the contact layer 60 and on the 
bottom surface of the GaAs substrate 51. 
0054. In the foregoing laser diode that uses a material 
system having a lattice constant between GalP and GaAs, it is 
necessary to carry out three regrowth process steps, one for 
growing the GalnP buffer layer 58, one for growing the cur 
rent-blocking regions 59, and one for growing the contact 
layer 60. Thereby, the fabrication process of the laser diode is 
complex and the yield of production tends to be reduced. 
0055. In order to facilitate the fabrication of a ridge 
waveguide laser diode, there is also a proposal in the Japanese 
Laid-Open Patent Publication 10-4239, to form the current 
blocking regions by way of oxidation of an AlGaAs mixed 
crystal having a composition represented as AlGaAs 
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(0.8<Xs 1). According to the foregoing proposal, the ridge 
structure is formed to have a width of 4 um at the bottom part 
thereof, and there is provided a current path region as a 
non-oxidized part of the AlGaAs region of the foregoing 
composition of AlGaAs (0.8<xs 1), with a width of 3 um. 
0056. According to the foregoing proposal, it is possible to 
form a laser diode having the current-blocking structure in a 
single crystal growth process. 
0057. On the other hand, the laser diode of the foregoing 
prior art has a drawback, in view of the difference in the lattice 
constant between the material system having a lattice con 
stant between GaAs and GaP and the foregoing AlGaAs 
mixed crystal of the composition AlGaAs (0.8<Xs 1), 
which achieves a lattice matching with the GaAs Substrate, in 
that the thickness of the AlGaAs mixed crystal layer of the 
composition AlGaAs (0.8<xs1) is inevitably limited 
when the AlGaAs mixed crystal layer is to be provided in the 
material system having a lattice constant between GaAs and 
GaP. Further, in view of the fact that the current path region of 
the not-oxidized AlGaAs (0.8<Xs 1) mixed crystal layer 
extends such that the edge of the current path region is located 
near the edge of the ridge structure, there appears a Substantial 
optical waveguide loss and increase of optical output power is 
difficult. 
0.058 Thus, the present invention has an object to provide 
a semiconductor light-emitting device formed of a semicon 
ductor material having a lattice constant between GaP and 
GaAs wherein the fabrication process is simplified. Further, 
the present invention has an object to provide a semiconduc 
tor light-emitting device formed of a semiconductor material 
having a lattice constant between GaP and GaAs wherein the 
optical waveguide loss is minimized and Suitable for increas 
ing output optical power. 
0059 Meanwhile, vertical-cavity laser diodes, which emit 
optical beam in a direction perpendicular to a substrate Sur 
face, draw attention in relation to application of red-wave 
length optical source in the wavelength range of 630-650 nm 
for use in high-density optical disk drives and laser printers, in 
view of the fact that a vertical-cavity laser diode provides 
various advantageous features such as high-efficiency of laser 
oscillation, excellent beam property, excellent vertical mode 
property, and the like. Further, the vertical-cavity laser diodes 
are Suitable for constructing a two dimensional array, and 
thus, there are possibility of application to the art of optical 
interconnection or optical array for laser beam printers. 
0060. In view of the limited length of optical cavity, a 
Vertical-cavity laser diode requires to provide a large reflec 
tance. Because of this reason, a distributed Bragg reflector 
(DBR) is generally used as the mirror of the vertical optical 
cavity. By using a DBR, it is possible to achieve a near 100% 
reflectance. A DBR is formed by stacking two semiconductor 
layers or dielectric layers having mutually different refractive 
index alternately and repeatedly with an optical distance cor 
responding to a quarter of the oscillation wavelength. 
0061. When the difference of refractive index between the 
two semiconductor layers constituting a DBR is large, a high 
reflectance is achieved with a reduced number of repetition. 
In order to avoid optical absorption and to increase the effi 
ciency of laser oscillation, the semiconductor layers consti 
tuting the DBR are required to be transparent to the laser 
oscillation wavelength. 
0062. In the case of a vertical-cavity laser diode using the 
material of an AlGalnP system and oscillating at the wave 
length of 630-650 nm, an active layer of GalnP is formed on 
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a GaAs substrate, and a DBR is formed of high refractive 
layers of AlGalnP and low refractive layers of AlInP. 
0063. In view of the tendency of increase of bandgap and 
decrease of refractive index with increasing Al content in a 
semiconductor layer containing Al, it is desirable to construct 
a DBR by stacking AlInPlayers and GalnPlayers. Unfortu 
nately, a GanPlayer is not transparent to the optical radiation 
in the wavelength range of 630-650 nm. Thus, there occurs a 
problem of optical absorption and degradation of optical cav 
ity efficiency. 
0064 FIG. 8 shows the relationship between the lattice 
constant and bandgap for the GalnP and AlInP mixed crys 
tals, wherein FIG.8 shows ther valley energy and the X valley 
energy of the conduction band and further the band edge 
energy of the valence band. As can be seen from FIG. 8, the 
bandgap energy increases with decreasing lattice constant in 
the foregoing material system. 
0065. In the invention disclosed in the Japanese Laid 
Open Patent Publication 9-199793, a DBR is constructed by 
combining an AlInP/GainP layered structure formed on a 
GaAs substrate with a lattice constant smaller than the lattice 
constant of the substrate and an AlGaAs/GaAs layered struc 
ture, for reducing the optical loss caused by the DBR. Accord 
ing to the foregoing prior art, a first DBR structure of the 
AlGaAs/GaAs layered structure is formed on the GaAs semi 
conductor substrate and a second DBR structure of the 
GalnP/AlInP is formed thereon, with a graded layer inter 
posed between the first and second DBR structures for relax 
ing the lattice misfit. On the DBR thus formed, a first graded 
cladding layer, a GanP active layer and a second graded 
cladding layer are formed Such that the composition grading 
is symmetric between the first and second graded cladding 
layers. Further, a further DBR structure is formed on the 
second cladding layer. 
0066. The invention disclosed in the foregoing Japanese 
Laid-Open Patent Publication 9-1997.93 is designed so as to 
minimize the optical absorption in the visible wavelength 
region and to improve the optical cavity efficiency. The two 
different material systems are used for constructing a DBR to 
eliminate the problem of lattice misfit of the A1GalnP mixed 
crystal and for avoiding the difficulty of growing a high 
quality AlGalnP mixed crystal layer. The difficulty of grow 
ing an AlGalnPlayer will be explained later. Thus, the fore 
going prior art uses the material system of AlGalnP for the 
DBR structure in the vicinity of the active layer where the 
intensity of optical radiation is large and uses the material 
system of AlGaAs for the DBR structure in the part away 
from the active layer in order to avoid the problem of degra 
dation of the crystal quality associated with the increase of the 
number of Stacks. 
0067 Further, there is another prior art vertical-cavity 
laser diode disclosed in the Japanese Laid-Open Patent Pub 
lication 10-200202 wherein the vertical-cavity laser diode of 
this prior art is constructed on a GalnP substrate. 
0068 According to this prior art, a substrate of GalnP 
having a composition of Gaozs InsP is used and a DBR of 
the AlInP/GainP is formed thereon with lattice matching. On 
the DBR thus formed, an active layer of GalnP is formed. 
According to this prior art, the problem of degradation of the 
crystal quality associated with lattice misfit is improved. 
0069. In the case of the forgoing prior art device of the 
Japanese Laid-Open Patent Publication 9-1997.93, it should 
be noted a plurality of DBR structures having different lattice 
constants are provided in a single laser diode device for 
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changing the lattice constant. Further, in view of the fact that 
the DBR structure that causes a lattice misfit with the sub 
strate has a large thickness, the use of the lattice misfit relax 
ation layer is not effective for improving the crystal quality. It 
should be noted that the DBR structure that causes a lattice 
misfit with the substrate contains at least 20 pairs of layers (40 
layers or more) therein. 
0070. In the case of the laser diode disclosed in the Japa 
nese Laid-Open Patent Publication 200202, a lattice match 
ing is successfully achieved with respect to the GalnPlayer 
transparent to the optical radiation in the wavelength range of 
635-650 nm by choosing the lattice constant of the substrate 
to be smaller than the lattice constant of GaAs. On the other 
hand, the laser diode of the foregoing prior art has a drawback 
in that increase of Al or Ga content in the AlInP or GalnP 
material system facilitates hillock formation. Particularly, 
increase of Al content causes an extensive hillock formation 
and causes a serious problem in the AlInP material. There is 
no fundamental solution to this problem of hillock formation. 
When such defects are formed, the homogeneity of the het 
eroepitaxial interface is degraded Substantially, and the opti 
cal scattering associated with Such a poor quality interface 
increases the optical loss. Thereby, the optical cavity effi 
ciency is deteriorated. 
0071. Further, the invention disclosed in the foregoing 
Japanese Laid-Open Patent Publication 10-200202 has a 
drawback, associated with the use of the GalnPactive layer, 
in that there is a limitation imposed over the lattice constant 
when the laser diode is to be operated in the wavelength range 
of 630-650 nm. 
(0072 More specifically, the wavelength of the GalnP 
mixed crystal that achieves lattice matching with GaAs is 
about 650 nm, and the wavelength becomes shorter when a 
GanP mixed crystal having a lattice constant Smaller than 
that of GaAs is used for the active layer. In order to achieve the 
foregoing desired wavelength range, it is therefore necessary 
to reduce the Ga content so as to increase the oscillation 
wavelength of the laser diode. However, such a decrease of 
the Ga content causes a compressive Strain in the active layer 
and the quality of the crystal of the active layer is deteriorated. 
Thus, the lattice constant of the active layer is practically 
limited to the range close to the lattice constant of GaAs and 
the degree of freedom in designing the laser oscillation wave 
length is limited. 
0073. On the other hand, the foregoing construction of the 
Japanese Laid-Open Patent Publication provides a possibility 
of increasing the degree of freedom in the laser diode design 
associated with the deviation of lattice constant from the 
lattice constant of GaAs. Such as increased degree of freedom 
in selecting the material for various parts of the laser diode. It 
should be noted that the laser diode of the foregoing Japanese 
Laid-Open Patent Publication 10-200202 merely focuses on 
the problem of the optical absorption of the DBR, and no 
further proposals are made with regard to the improvement of 
other aspects of the laser diode. 
0074 There are further rooms for improvement in the 
Vertical-cavity laser diode having a lattice constant between 
GaAs and GaP. 
0075 Thus, the present invention provides a vertical-cav 
ity laser diode operable in the wavelength range of 630–660 
nm and various optical systems using Such a vertical-cavity 
laser diode. 

SUMMARY OF THE INVENTION 

0076 Accordingly, it is a general object of the present 
invention to provide a novel and useful laser diode, a vertical 
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cavity laser diode and an optical semiconductor device 
wherein the foregoing problems are eliminated. 
0077. Another and more specific object of the present 
invention is to provide a red-wavelength laser diode having a 
reduced optical waveguide loss and simultaneously a reduced 
optical damage at an edge surface of an optical cavity formed 
in the laser diode. 
0078. Another object of the present invention is to provide 
a laser diode, comprising: 
0079 a substrate of a first conductivity type, said substrate 
having a lattice constant of GaAs or a lattice constant between 
GaAs and GaP: 
0080 a first cladding layer of AlGalnP having said first 
conductivity type formed over said substrate; 
0081 an active layer of GainAsP formed over said first 
cladding layer, 
0082 an etching stopper layer of GalnP formed over said 
active layer, 
0083) a pair of current-blocking regions of AlGalnP 
formed over said etching stopper layer, said pair of current 
blocking regions defining therebetween a strip region; 
0084 an optical waveguide layer of AlGalnP formed over 
said pair of current-blocking regions So as to include said 
stripe regions, said optical waveguide layer covering said 
etching stopper layer in said stripe region; and 
0085 a second cladding layer of AlGalnP of a second 
conductivity type formed over said optical waveguide layer, 
I0086 said current-blocking regions having an Al content 
substantially identical with an Al content of said second clad 
ding layer. 
0087. According to the present invention, the real refrac 
tive-index increases in correspondence to the strip region 
where the optical waveguide layer of AlGalnP is formed, and 
the laser diode has a real refractive-index waveguide structure 
characterized by a low optical loss. Due to the fact that the 
current-blocking regions outside the stripe region are formed 
of AlGanP characterized by a large bandgap, the optical loss 
caused by Such current-blocking regions is successfully mini 
mized. In view of the fact that the A1GalnP current-blocking 
regions contain Al with a concentration Substantially identi 
cal with the second cladding layer, which is also formed of 
AlGalnP, there is no increase of Al content in these parts of the 
laser diode. Thereby, the problem of damaging at the edge 
Surface of the laser optical cavity caused by non-optical 
recombination of carriers, is successfully minimized. 
0088 Another object of the present invention is to provide 
a laser diode, comprising: 
0089 a substrate having a lattice constant between GaAs 
and GaP. said substrate having a first conductivity type; 
0090 a first cladding layer of AlGalnP having said first 
conductivity type formed over said substrate; 
0091 a lower optical waveguide layer of GalnP formed 
over said first cladding layer, 
0092 an active layer of GainAsP formed over said lower 
optical waveguide layer, 
0093 a first upper optical waveguide layer of GalnP 
formed over said active layer; 
0094) a pair of current-blocking regions of AlGalnP 
formed over said first upper optical waveguide layer, said pair 
of current-blocking regions defining therebetween a stripe 
region; 
0095 a second upper optical waveguide layer of GalnP 
formed over said pair of current-blocking regions so as to 
include said stripe regions, said second upper optical 
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waveguide layer covering said first upper optical waveguide 
layer in said stripe region; and 
0096 a second cladding layer of AlGainPhaving a second 
conductivity type formed over said second upper optical 
waveguide layer, 
0097 said current-blocking regions having an Al content 
generally identical with an Al content of said second cladding 
layer. 
0098. According to the present invention, the laser diode 
has an SCH structure in which the active layer is sandwiched 
vertically by the lower optical waveguide layer and the first 
upper optical waveguide layer both free from Al. Thereby, the 
problem of optical damaging at the edge Surface of the laser 
optical cavity is Successfully avoided. 
0099. Another object of the present invention is to provide 
a laser diode, comprising: 
0100 a substrate having a lattice constant between GaAs 
and GaP. said substrate having a first conductivity type; 
0101 a first cladding layer of AlGalnP having said first 
conductivity type formed over said substrate; 
0102 a lower optical waveguide layer of GalnP formed 
over said first cladding layer; 
0103 an active layer of GainAsP formed over said lower 
optical waveguide layer, 
0104 a first upper optical waveguide layer formed over 
said active layer; 
0105 a pair of current-blocking regions of AlGalnP 
formed over said first upper optical waveguide layer, said pair 
of current-blocking regions defining therebetween a stripe 
region; 
0106 a second upper optical waveguide layer of GalnP 
formed over said pair of current-blocking regions so as to 
include said stripe regions, said second upper optical 
waveguide layer covering said first upper optical waveguide 
layer in said stripe region; and 
0107 a second cladding layer of AlGainPhaving a second 
conductivity type formed over said second upper optical 
waveguide layer, 
0.108 said current-blocking regions having an Al content 
generally identical with an Al content of said second cladding 
layer, 
0109 said first upper optical waveguide layer of GalnP 
and said second upper optical waveguide layer of GalnP 
having respective thicknesses such that a Sum of said thick 
ness of said first upper optical waveguide layer and said 
thickness of said second upper optical waveguide layer is 
equal to a thickness of said lower optical waveguide layer of 
Ganp 

0110. According to the present invention, the vertical dis 
tribution profile of refractive-index becomes substantially 
symmetric about the active layer due the fact that the first and 
second upper optical waveguide layers of GalnP have the 
total thickness generally identical with the thickness of the 
lower optical waveguide layer of GalnP. Thereby, the optical 
radiation produced by the laser diode is effectively confined at 
the central part of the laser structure and the threshold of laser 
oscillation can be reduced. 

0111. Another object of the present invention is to provide 
a laser diode operable in the wavelength range of 600-660 nm 
wherein the device performance is improved by improving 
the quality of the crystal constituting the current-blocking 
regions. 
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0112 Another object of the present invention is to provide 
a laser diode, comprising: 
0113 a substrate having a first conductivity type: 
0114 a first cladding layer of said first conductivity type 
provided over said Substrate, said first cladding layer having 
a lattice constant between GaAs and GaP; 
0115 an active layer formed over said first cladding layer; 
0116 a second cladding layer of a second conductivity 
type provided over said active layer, said second cladding 
layer having said lattice constant; 
0117 a ridge-Stripe region formed in said second cladding 
layer; and 
0118 a pair of current-blocking regions of said first con 
ductivity type respectively provided over said second clad 
ding layer at both lateral sides of said ridge-stripe region; 
0119 each of said current-blocking regions having a com 
position represented as (All Galli), In, ASP 
(0sxs 1,0sys1, 0.01szs1). 
0120 Another object of the present invention is to provide 
a laser diode, comprising: 
0121 a substrate having a first conductivity type: 
0122) a first cladding layer of said first conductivity type 
provided over said Substrate, said first cladding layer having 
a lattice constant between GaAs and GaP; 
0123 an active layer formed over said first cladding layer; 
0124 a second cladding layer of a second conductivity 
type provided over said active layer, said second cladding 
layer having said lattice constant; 
0125 a current-blocking layer of said first conductivity 
type respectively provided over said second cladding layer, 
0126 a stripe depression formed in said current-blocking 
layer; and 
0127 a third cladding layer of said second conductivity 
type formed over said current-blocking layer so as to include 
said stripe depression, 
0128 said current-blocking layer having a composition 
represented as (Al2Oa2),2.In 2AS2P-2 (0s 0.01 X2s1, 
Osys 1, 0.01 szas 1). 
0129. According to the present invention, the hillock for 
mation is successfully Suppressed by incorporating AS into 
said current-blocking regions or current-blocking layer. 
0130. It should be noted that the inventor of the present 
invention has discovered that the hillock formation is Success 
fully suppressed by incorporating AS when growing an 
AlGalnP mixed crystal layer. It is also discovered that the 
hillock formation can be reduced by suitably choosing the 
condition of growth of the A1GalnP mixed crystal layer such 
as increasing growth temperature from 700° C. to 750° C. 
However, the optimization of the growth condition was not 
sufficient for decreasing the hillock formation to the desired 
level of hillock density. By adding AS, on the other hand, a 
remarkable decrease was observed for the hillock density, 
even in Such a case the growth is conducted at the temperature 
of 700° C. It is believed that AS atoms thus incorporated 
successfully suppressed the droplet formation of Al or Ga 
during the process of growing the A1GanPlayer. 
0131. It was further observed that the suppression of hill 
ock formation by As is effective even in such a case in which 
the amount of the AS atoms incorporated is very Small. Natu 
rally, the effect of Suppressing hillock formation increases 
with increasing amount of As in the A1GalnPlayer. 
0.132. It should be noted that the foregoing suppression of 
hillock formation during the growth process of an AlGalnP 
mixed crystal layer by way of incorporating AS is particularly 
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effective when a Substrate having a small offset angle, Such as 
a commercially available GaAsP substrate, is used. 
0.133 Thus, the laser diode of the present invention has an 
improved reliability and lifetime as a result of use of an 
AlGainAsP mixed crystal containing. As for the current 
blocking regions or for the current-blocking layer. By using 
the A1GainAsP mixed crystal for the current-blocking 
regions or the current-blocking layer, the flatness and crystal 
quality of the device surface are improved. Further, the use of 
the AlGainAsP mixed crystal is effective for reducing the 
leakage current path which is formed inside the laser diode as 
a result of the hillock formation. Further, the decrease of the 
hillock density reduces the optical scattering in the current 
blocking regions and the waveguide loss of the laser diode is 
reduced accordingly. Thereby, the threshold current of laser 
oscillation is reduced. 
I0134. By using a material transparent to the laser beam 
produced by the laser diode, in other words by using a mate 
rial having a bandgap larger thanabandgap of the active layer, 
for the current-blocking regions or layer, the optical absorp 
tion outside the current path region of the laser diode is 
reduced. Thereby, the threshold current of laser oscillation is 
reduced and the efficiency of laser oscillation is improved. 
Further, in view of the fact that the AlGanAsP current-block 
ing regions or layer, containing a large amount of Al, forms a 
real refractive-index waveguide structure with the second 
cladding layer. It should be noted that the current-blocking 
regions have a smaller refractive-index as compared with the 
second cladding layer. Thereby, the optical radiation is effec 
tively confined in the stripe region of the laser diode, and the 
lateral mode of laser oscillation is stabilized. Associated with 
this, the astigmatism of the laser diode is reduced. 
0.135 Further, by providing a GainAsPlayer in the second 
cladding layer or on the current-blocking layer of AlGainAsP. 
the GanASP layer functions as an etching stopper layer with 
respect to the etching process applied to the second cladding 
layer or the current-blocking layer, and the process of forming 
the stripe ridge structure in the second cladding layer or the 
process of forming the Stripe groove structure in the current 
blocking layer as a result of a wet etching process, is facili 
tated substantially. As a result of use of the GainAsP etching 
stopper layer, the height of the Stripe ridge structure or the 
depth of the stripe groove structure is controlled exactly. 
Further, the use of the GainAsP etching stopper layer protects 
the surface of the second cladding layer or the current-block 
ing layer from being exposed to the air after the etching 
process, and the problem of surface oxidation of Al in the 
second cladding layer or in the current-blocking layer is suc 
cessfully avoided. It should be noted that a GaAsP composi 
tion acts as an effective etching stopper against an etching 
process applied to an AlGainAsPlayer by a hydrochloric acid 
etchant, while a GalnP composition acts as an effective etch 
ing stopper against an etching process applied to an A1Gan 
AsP layer by a phosphoric or sulfuric acid etchant. 
0.136 Further, the use of the optical waveguide layer of 
GalnPadjacent to the active layer eliminates the direct con 
tact of the active layer and the cladding layer that contains Al, 
and the problem of damaging of the laser cavity edge Surface 
caused by Al is effectively eliminated. Thereby, it becomes 
possible to operate the laser diode with a high output power. 
0.137 Another object of the present invention is to provide 
a semiconductor light-emitting device formed of a semicon 
ductor material having a lattice constant between GaP and 
GaAs wherein the fabrication process is simplified. 
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0138 Another object of the present invention is to provide 
a semiconductor light-emitting device formed of a semicon 
ductor material having a lattice constant between GaP and 
GaAS wherein the optical waveguide loss is minimized and 
Suitable for increasing output optical power. 
0.139. Another object of the present invention is to provide 
a semiconductor light-emitting device, comprising: 
0140 a semiconductor substrate: 
0141 an active layer provided over said semiconductor 
Substrate, said active layer emitting optical radiation; 
0142 a semiconductor layer vertically sandwiching said 
active layer with another semiconductor layer, said semicon 
ductor layer having a bandgap larger than a bandgap of said 
active layer and a lattice constant between GaP and GaAs, 
0143 said semiconductor layer containing a to-be-oxi 
dized layerina part thereof with a composition represented as 
AlGa, In, PAS,(0.8sxs 1,0sys0.2, Osts 1). 
0144) a part of said to be-oxidized layer being oxidized to 
form a selective oxidation region. 
0145 According to the present invention, the selective 
oxidation region forms a current-blocking structure for con 
fining an injected electric current. In view of the fact that the 
selective oxidation region thus formed has a reduced refrac 
tive index, there appears a difference in the real refractive 
index between the part of the AlGalnPAS to-be-oxidized layer 
where the oxidized region is formed and the current path 
region where no such oxidized region is formed. In other 
words, the current-blocking structure thus formed by the 
selective oxidation of the AlGalnPAS layer functions also as 
the real refractive index waveguide structure effective for 
lateral mode control. As the real refractive index waveguide 
structure thus formed contains, in the vicinity of the active 
layer, only the material which is free from waveguide less for 
all the wavelengths, the laser diode is easily operated to 
produce a large output optical power. 
0146 It should be noted that the foregoing advantageous 
structure can be formed by a single crystal growth process. 
Thereby, the semiconductor light-emitting device of the 
present invention can be fabricated easily with high yield. 
0147 Another object of the present invention is to provide 
a semiconductor light-emitting device, comprising: 
0148 a semiconductor substrate: 
0149 an active layer provided over said semiconductor 
Substrate, said active layer producing optical radiation; and 
0150 a pair of cladding layers sandwiching said active 
layer vertically, 
0151 said active layer being one of a single quantum well 
structure containing therein a quantum well layer and a mul 
tiple quantum well structure containing therein a quantum 
well layer and a barrier layer, 
0152 said quantum well layer comprising a mixed crystal 
of AlGanPAS having a composition represented as (Al Ga. 
x1). InP, AS1 (0sX is1, 0<C1, Osts 1), 
0153 said barrier layer comprising a mixed crystal of 
AlGalnPAS having a composition represented as (Al-Ga. 
x2)2.In 1-2P2AS1-2 (0sX2<1, 0.5~C.2s1, Osts 1), 
0154 each of said cladding layers comprising a mixed 
crystal of A1GanPAS containing Al and having a composition 
represented as (Al, Ga.) In PAS - (0-ys 1, 0.5<B<1, 
0<vs1), each of said cladding layers having a lattice constant 
between GalP and GaAs and a bandgap larger than abandgap 
of said active layer, 
0155 an optical waveguide layer of AlGalnPAs inter 
posed between said active layer and each of said cladding 
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layers, said optical waveguide layer having a bandgap larger 
than the bandgap of said active layer but smaller than the 
bandgap of said cladding layer, said optical waveguide layer 
having a composition represented as (Al Ga), In, PAS, 
(0sz<1, 0.5<y<1, 0<us 1). 
0156 a to-be-oxidized layer provided in at least one of 
said cladding layers such that said cladding layer contains 
said to-be-oxidized layer in correspondence to a part thereof, 
or between said active layer and one of said cladding layers, 
said to-be-oxidized layer having a composition represented 
as AlGa, In, PAS,(0.8sxs 1,0sys0.2, Osts 1), a part 
of said to-be-oxidized layer being selectively oxidized to 
form a selective oxidized region. 
0157 According to the present invention, it is possible to 
oscillate the laser diode in the visible wavelength band in 
view of the fact that the active layer is formed of a mixed 
crystal of AlGanPAS having a composition represented as 
(All Ga1-1), In, P, AS1 (0sX is1, 0<Cs1, Osts 1). 
In view of the fact that a mixed crystal of AlGalnPAs con 
taining Al with a composition represented as (Al, Ga.) In 
pPAs (0<ys 1, 0.5<B<1,0<vs1) and having a lattice con 
stant between GaP and GaAs is used for the cladding layer, 
the bandgap of the cladding layer is increased as compared 
with the case of using a cladding layer having a lattice match 
ing composition to the GaAs Substrate, and the wavelength of 
the output optical radiation of the semiconductor light-emit 
ting device is reduced. 
0158. Further, in view of the fact that the semiconductor 
light-emitting device of the present invention employs the an 
SCH structure in which the mixed crystal of (Al Ga) 

In PAS (0sx<1, 0<C.-1. Osts 1) is used for the 
quantum well layer forming the active layer and in which the 
mixed crystal of (Al Ga), In, PAS (1sz<1, 0.5<y<1, 
0<us 1) is used for the optical waveguide layer, a wide band 
gap can be realized with a reduced Al content as compared 
with the case of using a material forming a lattice matching 
with a GaAs Substrate, and the non-optical recombination of 
carriers is reduced substantially. Associated with this, the 
efficiency of optical emission is improved. In the case of a 
laser diode, the problem of damaging of optical cavity edge 
Surface as a result of the non-optical recombination of carries 
is reduced and the laser diode can be operated stably and 
reliably with high optical output power. 
0159 Further, it is possible to induce a strain in the semi 
conductor light-emitting device of the present invention with 
respect to the cladding layer. In this case, bandgap of the 
active layer can be reduced. Further, a large conduction band 
discontinuity can be realized in the semiconductor light-emit 
ting device of the present invention by reducing the Al content 
in the optical waveguide layer. Thereby, the problem, perti 
nent to a conventional red-wavelength laser diode of the 
AlGalnP system, of carrier overflow taking place on the con 
duction band, is reduced substantially. 
0160. By interposing the to-be-oxidized layer in a part of 
one or both of the two cladding layers or at the interface 
between the active layer and one of the cladding layers with 
the composition of AlGa, In, PAS1 (0.8sxs 1,0sys0. 
2, Osts 1), followed by an oxidizing process oxidizing a part 
of the to-be-oxidized layer, it is possible to form a current 
blocking region by the oxidized region thus formed selec 
tively in the to-be-oxidized layer. As the oxidized region thus 
formed has a reduced refractive index, there is also formed a 
real refractive index waveguide structure by the part of the 
to-be-oxidized region where the selective oxidation has 
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occurred and by the part where no such a selective oxidation 
has occurred. Thereby the lateral mode control becomes pos 
sible in the semiconductor light-emitting device. The real 
refractive index waveguide structure thus formed contains, in 
the vicinity of the active layer, only the material which is free 
from waveguide less for all the wavelengths, the laser diode is 
easily operated to produce a large output optical power. 
0161 It should be noted that the foregoing advantageous 
structure can be formed by a single crystal growth process. 
Thereby, the semiconductor light-emitting device of the 
present invention can be fabricated easily with high yield. 
0162 Another object of the present invention is to provide 
a semiconductor light-emitting device, comprising: 
0163 a GaAs substrate: 
0164 an active layer provided over said GaAs substrate, 
said active layer emitting an optical radiation; 
0.165 a pair of semiconductor layers sandwiching said 
active layer vertically, 
0166 said semiconductor layer containing a to-be-oxi 
dized layerina part thereof with a composition represented as 
AlGa, In, PAS,(0.8sxs 1,0sys0.2, Osts 1) and con 
taining P. 
0167 a part of said to be-oxidized layer being oxidized to 
form a selective oxidation region. 
0168 According to the present invention, it is possible to 
achieve a lattice matching for the to-be-oxidized layer with 
respect to the GaAs substrate by introducing P therein. 
Thereby, the adversary effect of strain caused in the to-be 
oxidized layer is effectively eliminated. 
0169. Another object of the present invention is to provide 
a semiconductor light-emitting device, comprising: 
(0170 a GaAs substrate: 
0171 an active layer of an AlGalnP system formed over 
said GaAs substrate, said active layer emitting optical radia 
tion; 
0172 a pair of semiconductor layers sandwiching said 
active layer vertically, each of said semiconductor layers hav 
ing a bandgap larger than a bandgap of said active layer, 
0173 said semiconductor layers including, in a part 
thereof, a layer of AlGanAS having a composition repre 
sented as AlGa, In, AS (0.85s Xs 1,0sys0.2). 
0.174 a part of said semiconductor layer being oxidized to 
form a pair of oxidized regions, with a not-oxidized region 
formed therebetween with a width will, a total width of said 
pair of oxidized regions being defined as W2. 
0175 wherein said width w1 is set such that a ratio of said 
width w1 with respect to a sum of said width w1 and said 
width w2, defined as w1/(w1+w2) is smaller than 0.6. 
0176 According to the present invention, the waveguide 
loss caused by the variation of the edge width is successfully 
eliminated by setting the foregoing width to be Smaller than 
O6. 
0177. Another object of the present invention is to provide 
a semiconductor light-emitting device, comprising: 
0.178 a GaAs substrate: 
0179 an active layer provided over said GaAs substrate, 
said active layer emitting optical radiation; and 
0180 a pair of semiconductor layers sandwiching said 
active layer vertically, each of said semiconductor layers hav 
ing a bandgap larger than a bandgap of said active layer, 
0181 said semiconductor layers including, in a part 
thereof, a layer of AlGanAS having a composition repre 
sented as AlGa, In, AS (0.8sxs 1,0sys0.2). 
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0182 a part of said semiconductor layer being oxidized to 
form an oxidized region, 
0183 a ridge structure being formed in a part of said 
semiconductor layer located at least above said layer of 
AlGanAS, said ridge structure having a ridge width exceed 
ing 10 um. 
0.184 According to the present invention, a large contact 
area for electrode is secured by setting the ridge width to be 
larger than 10 Lum and the differential resistance during the 
device operation is reduced. Further, the structure is suitable 
for a flip-chip mounting in which the heat of the active region 
is efficiently dissipated to a Supporting Substrate via the elec 
trode. 
0185. Another object of the present invention is to provide 
a vertical-cavity laser diode operable in the wavelength range 
of 630-660 nm and various optical systems using Such a 
vertical-cavity laser diode. 
0186. Another object of the present invention is to provide 
a vertical-cavity laser diode, comprising: 
0187 a substrate: 
0188 an active layer provided over said substrate, said 
active layer emitting optical radiation; and 
0189 a distributed Bragg reflector provided over said sub 
strate in an optical path of said optical radiation emitted from 
said active layer in a direction perpendicularly to a plane of 
said active layer, said distributed Bragg reflector comprising 
a plurality of layers stacked over said Substrate, 
0.190 said distributed Bragg reflector having a lattice con 
stant between GaAs and GaP and including at least two semi 
conductor layers of respective, mutually different composi 
tions, 
0191 at least one of said semiconductor layers having a 
composition represented as (Al. Ga), In, ASP 
(0sxs 1, 0.5sy 1, 0<Z<1). 
0.192 According to the present invention, the distributed 
Bragg reflector (DBR) is formed of an AlInAsP mixed crystal 
containing therein As. Thereby, the hillock formation on the 
surface of the layers constituting the DBR is substantially 
completely suppressed. Thereby, the problem of optical loss 
associated with the hillocks formed in the DBR is eliminated 
and the reflectance of the DBR is improved remarkably. With 
the improvement in the reflectance of the DBR, the oscillation 
threshold of the laser diode is improved and the device per 
formance and device lifetime are improved also. The 
improvement becomes appreciable when AS is added with a 
concentration of about 1%. 
0193 Another object of the present invention is to provide 
a vertical-cavity laser diode, comprising: 
0194 a substrate: 
0.195 an active layer provided over said substrate, said 
active layer emitting optical radiation; and 
0196) a distributed Bragg reflector provided over said sub 
strate in an optical path of said optical radiation emitted from 
said active layer in a direction perpendicularly to a plane of 
said active layer, said distributed Bragg reflector comprising 
a plurality of layers stacked over said Substrate, 
0.197 said active layer having a composition represented 
as Ga1-2In-2AS2P-2 (0syas 1,0s Zasl). 
0198 According to the present invention, the desired laser 
oscillation wavelength is realized with reduced strain as a 
result of use of GainAsP for the active layer. Thereby, the 
Surface morphology of the active layer is improved, and the 
efficiency of laser oscillation is improved as a result of the 
improvement of quality of crystal of the active layer. Further, 
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as a result of reduced strain in the active layer, the degree of 
freedom for designing the laser diode is improved. As the 
active layer has a lattice constant closer to GaP or AlP as 
compared with the prior art vertical-cavity laser diode, it 
becomes possible to use a layer of AlInAsP for the DBR. As 
the layer of AlInAsP has a small refractive index, the number 
of stacks of the layers in the DBR is reduced, and the resis 
tance of the laser diode is accordingly reduced. 
0199 Another object of the present invention is to provide 
a vertical-cavity laser diode, comprising: 
0200 a substrate: 
0201 an active layer provided over said substrate, said, 
active layer emitting optical radiation; 
0202 a distributed Bragg reflector provided over said sub 
strate in an optical path of said optical radiation emitted from 
said active layer in a direction perpendicularly to a plane of 
said active layer, said distributed Bragg reflector having a 
lattice constant between GaAs and GaP; and 
0203 a pair of semiconductor layers having a composition 
represented as Gas InsP (0.55syss 1) provided at upper 
and lower sides of said active layer. 
0204 According to the present invention, it is possible to 
reduce the number of non-optical recombination centers 
associated with Al by providing the GalnP layers at both 
upper and lower sides of the active layer. Further, the problem 
of multiplication of crystal defects originating from Al, or the 
problem of migration of the crystal defects into the active 
region of the laser diode, is also reduced and the reliability of 
the laser diode is improved. 
0205 Another object of the present invention is to provide 
a vertical-cavity laser diode, comprising: 
0206 a substrate; 
0207 an active layer provided over said substrate, said 
active layer emitting optical radiation; 
0208 a distributed Bragg reflector provided over said sub 
strate in an optical path of said optical radiation emitted from 
said active layer in a direction perpendicularly to a plane of 
said active layer, said distributed Bragg reflector having a 
lattice constant between GaAs and GaP; 
0209 a contact layer provided over said distributed Bragg 
reflector; and 
0210 an electrode provided on said contact layer in ohmic 
contact therewith, 
0211 said contact layer being transparent to an optical 
beam produced as a result of interaction of said optical radia 
tion produced by said active layer with said distributed Bragg 
reflector. 
0212. According to the present invention, the process of 
eliminating a part of the contact layer in correspondence to an 
optical window, from which the optical beam is emitted to the 
region outside the laser diode, is eliminated as a result of use 
of a material transparent to the optical beam for the contact 
layer. 
0213 Another object of the present invention is to provide 
a vertical-cavity laser diode, comprising: 
0214 a substrate; 
0215 an active layer provided over said substrate, said 
active layer emitting optical radiation; and 
0216 a distributed Bragg reflector provided over said sub 
strate in an optical path of said optical radiation emitted from 
said active layer in a direction perpendicularly to a plane of 
said active layer, said distributed Bragg reflector having a 
lattice constant between GaAs and GaP. 
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0217 said distributed Bragg reflector including therein a 
semiconductor layer having a composition represented as 
AlASP (0s Zas 1). 
0218. According to the present invention that uses AlAsP 
characterized by a small refractive index as compared with 
AlInP of the same lattice constant, it becomes possible to 
increase the diffraction index different or step inside the DBR 
and the number of stacks of layers in the DBR can be reduced. 
Associated therewith, the threshold current of laser oscilla 
tion is reduced together with the device resistance. 
0219. Another object of the present invention is to provide 
a vertical-cavity laser diode, comprising: 
0220 a substrate: 
0221 an active layer provided over said substrate, said 
active layer emitting optical radiation; and 
0222 a distributed Bragg reflector provided over said sub 
strate in an optical path of said optical radiation emitted from 
said active layer in a direction perpendicularly to a plane of 
said active layer, said distributed Bragg reflector having a 
lattice constant between GaAs and GaP. 
0223 said distributed Bragg reflector including therein a 
semiconductor layer having a composition represented as 
AlAssPs (0s Zs 1), 
0224 said semiconductor layer being laterally sand 
wiched by a pair of oxide regions formed coplanar to said 
semiconductor layer, said semiconductor layer and said pair 
of oxide regions forming a current confinement structure. 
0225. According to the present invention, the oxidized 
regions are formed in the form of high-quality insulator by 
selective oxidation process of a semiconductor layer contain 
ing Al. Larger the Al content, easier for the selective oxidation 
process. Particularly, an AlASP mixed crystal, which contains 
Al as the Sole group III element, is easy for oxidation. Accord 
ing to the present invention, the threshold current of laser 
oscillation is decreased as a result of formation of the current 
confinement structure. 
0226. Another object of the present invention is to provide 
a vertical-cavity laser diode, comprising: 
0227 a substrate: 
0228 an active layer provided over said substrate, said 
active layer emitting optical radiation; 
0229 a distributed Bragg reflector provided over said sub 
strate in an optical path of said optical radiation emitted 
perpendicularly to a plane of said active layer, said distributed 
Bragg reflector having a lattice constant between GaAs and 
GaP; and 
0230 a semiconductor layer interposed between said 
active layer and said distributed Bragg reflector, said semi 
conductor layer having a composition represented as 
AlASP (0s Zs 1), 
0231 said semiconductor layer being laterally sand 
wiched by a pair of oxidized regions formed coplanar to said 
semiconductor layer. 
0232. According to the present invention, a current con 
finement structure is formed between the DBRand the active 
layer by applying a selective oxidation process to the semi 
conductor layer. As the current confinement structure is thus 
formed in the vicinity of the active layer, the current is 
injected to the active layer in the form of highly confined 
state, and lateral spreading of the carriers in the active layer is 
effectively suppressed: Further, the refractive index distribu 
tion in the layer containing the semiconductor layer and the 
oxidized regions enables an effective control of lateral mode 
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of laser oscillation. Thus, the laser diode of the present inven 
tion oscillates at low threshold current with a stabilized lateral 
mode. 
0233. Other objects and further features of the present 
invention will become apparent from the following detailed 
description when read in conjunction with the attached draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0234 FIG. 1 is a diagram showing the construction of a 
conventional laser diode of edge-emission type; 
0235 FIG. 2 is a diagram showing the construction of 
another conventional laser diode of edge-emission type; 
0236 FIG. 3 is a diagram showing the construction of a 
further conventional laser diode of edge-emission type; 
0237 FIG. 4 is a diagram showing the construction of a 
further conventional laser diode of edge-emission type; 
0238 FIG. 5 is a diagram showing the relationship 
between bandgap energy and lattice constant fora III-V semi 
conductor material system; 
0239 FIG. 6 is another diagram showing the relationship 
between bandgap energy and lattice constant fora III-V semi 
conductor material system; 
0240 FIG. 7 is a diagram showing the construction of a 
conventional laser diode of edge-emission type; 
0241 FIG. 8 is another diagram showing the relationship 
between bandgap energy and lattice constant fora III-V semi 
conductor material system; 
0242 FIG. 9 is a diagram showing the construction of a 
laser diode according to a first embodiment of the present 
invention; 
0243 FIG.10A-10D are diagrams showing the fabrication 
process of the laser diode of FIG.9; 
0244 FIG. 11 is a diagram showing the construction of a 
laser diode according to a second embodiment of the present 
invention; 
0245 FIG. 12 is a diagram showing the construction of a 
laser diode according to a third embodiment of the present 
invention; 
0246 FIG. 13 is a diagram showing the construction of a 
laser diode according to a fourth embodiment of the present 
invention; 
0247 FIG. 14 is a diagram showing the construction of a 
laser diode according to a fifth embodiment of the present 
invention; 
0248 FIG. 15 is a diagram showing the construction of a 
laser diode according to a sixth embodiment of the present 
invention; 
0249 FIG. 16 is a diagram showing the construction of a 
laser diode according to a seventh embodiment of the present 
invention; 
0250 FIG. 17 is a diagram showing the construction of a 
laser diode according to an eighth embodiment of the present 
invention; 
0251 FIG. 18 is a diagram showing the construction of a 
laser diode according to a ninth embodiment of the present 
invention; 
0252 FIG. 19 is a diagram showing the construction of a 
laser diode according to a tenth embodiment of the present 
invention; 
0253 FIG. 20 is a diagram showing the construction of a 
laser diode according to an eleventh embodiment of the 
present invention; 
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0254 FIG. 21 is a diagram showing the construction of a 
laser diode according to a twelfth embodiment of the present 
invention; 
0255 FIG. 22 is a diagram showing the construction of a 
laser diode according to a thirteenth embodiment of the 
present invention; 
0256 FIG. 23 is a diagram showing the construction of a 
laser diode according to a fourteenth embodiment of the 
present invention; 
0257 FIG. 24 is a diagram showing the construction of a 
laser diode according to a fifteenth embodiment of the present 
invention; 
0258 FIG. 25 is a diagram showing the construction of a 
laser diode according to a sixteenth embodiment of the 
present invention; 
0259 FIG. 26 is a diagram showing the construction of a 
laser diode according to a seventeenth embodiment of the 
present invention; 
0260 FIG. 27 is a diagram showing the construction of a 
laser diode according to an eighteenth embodiment of the 
present invention; 
0261 FIG. 28 is a diagram showing the construction of a 
laser diode according to a nineteenth embodiment of the 
present invention; 
0262 FIG. 29 is a diagram showing the construction of a 
laser diode according to a twentieth embodiment of the 
present invention; 
0263 FIG. 30 is a diagram showing the construction of a 
laser diode according to a twenty-first embodiment of the 
present invention; 
0264 FIG. 31 is a diagram showing the construction of a 
laser diode according to a twenty-second embodiment of the 
present invention; 
0265 FIG. 32 is a diagram showing the construction of a 
laser diode according to a twenty-third embodiment of the 
present invention; 
0266 FIG.33 is a diagram showing a part of a laser diode 
according to a twenty-fourth embodiment of the present 
invention; 
0267 FIG. 34 is a diagram showing a selective oxidation 
used in the fabrication process of the laser diode of the 
twenty-fourth embodiment; 
0268 FIG. 35 is a diagram showing the construction of a 
laser diode according to a twenty-fifth embodiment of the 
present invention; 
0269 FIG. 36 is a diagram showing the construction of a 
laser diode according to a twenty-sixth embodiment of the 
present invention; 
0270 FIG. 37 is a diagram showing the construction of a 
laser diode according to a twenty-seventh embodiment of the 
present invention; 
0271 FIG. 38 is a diagram showing the construction of a 
laser diode according to a twenty-eighth embodiment of the 
present invention; 
0272 FIG. 39 is a diagram showing the construction of a 
laser diode according to a twenty-ninth embodiment of the 
present invention; 
0273 FIG. 40 is a diagram showing the construction of a 
laser diode according to a thirtieth embodiment of the present 
invention; 
0274 FIG. 41 is a diagram showing the construction of a 
laser diode according to a thirty-first embodiment of the 
present invention; 



US 2010/O 195691 A1 

0275 FIG. 42 is a diagram showing the construction of a 
laser diode according to a thirty-second embodiment of the 
present invention; 
0276 FIG. 43 is a diagram showing the construction of a 
Xerographic image recording apparatus according to a thirty 
third embodiment of the present invention; 
0277 FIG. 44 is a diagram showing the construction of an 
optical disk drive according to a thirty-fourth embodiment of 
the present invention; 
0278 FIG. 45 is a diagram showing the construction of an 
optical module according to a thirty-fifth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

First Embodiment 

0279 FIG. 1 shows the structure of a laser diode according 
to a first embodiment of the present invention. 
0280 Referring to FIG.1, the laser diode is constructed on 
a GaAsP substrate 115, wherein the GaAsP substrate 115 is 
formed by stacking, on a GaAs substrate 101 of n-type, a 
GaAsP composition graded layer 102 of n-type and a GaAso. 
6P, thick film 103 of p-type. 
(0281. On the GaAsP substrate 115, there is provided a 
cladding layer 104 of n-type AlGainPhaving a composition 
represented as (Alos Gas), InP, and an active layer 105 of 
GainAsP is formed on the cladding layer 104. Further, an 
etching stopper layer 106 of GalnP is formed on the active 
layer with the composition of Gao Ino P. 
0282. On the etching stopper layer 106, there are formed a 
pair of current-blocking regions of p-type A1GalnP 107 at 
both lateral sides of a stripe region, in which a current injec 
tion is made, wherein the current-blocking regions 107 have 
a composition represented as (AlosGaos)o, Inos P. On each 
of the current-blocking regions 107, there is provided another 
current-blocking region 108 of n-type AlGainPhaving a com 
position represented as (AlosGaos)o, Inos P. 
0283. On the current blocking regions 108 thus formed, 
there is provided an optical waveguide layer 109 of AlGalnP 
having a composition represented as (Alo. Gaolo)o, Ino P. 
wherein the optical waveguide layer 109 covers the stripe 
region where the etching stopper layer 106 is exposed. 
0284. On the optical waveguide layer 109, there is pro 
vided a cladding layer 110 of p-type AlGainPhaving a com 
position represented as (AlosGaos). In P. Further, a band 
discontinuity relaxation layer 111 of p-type GalnP is formed 
on the cladding layer 110 with the composition of Gao Ino P. 
Further, a cap layer 112 of p-type GaAsP is formed on the 
band-discontinuity relaxation layer 111 with the composition 
of GaAso. Po. 
0285) Further, a p-type electrode 113 is formed on the 
Surface of the p-type cap layer 112 and an n-type electrode 
114 is formed on the bottom surface of the GaAs substrate 
101. 
0286 Next, the fabrication process of the laser diode of 
FIG. 9 will be described with reference to FIGS. 10A-10D. 
(0287. Referring to FIG. 10A, the cladding layer 104, the 
active layer 105, the etching stopper layer 106, a p-type 
AlGalnPlayer corresponding to the current-blocking regions 
107, and an n-type A1GalnPlayer corresponding to the cur 
rent-blocking regions 108 are grown epitaxially on the 
GaAsP substrate 115 by an MOCVD process. The active 
layer 105 may have a composition tuned to the bandgap 
wavelength of 635 nm. 
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0288 Next, a resist film 201 is formed on the AlGainP 
layer corresponding to the current-blocking regions 108 and 
a stripe window is formed in the resist film 201 by applying a 
photolithographic process. Further, the AlGalnPlayers cor 
responding to the current-blocking regions 108 and the cur 
rent-blocking regions 107 are patterned by a chemical etching 
process while using the resist film as a mask, until the etching 
stopper layer 106 is exposed in correspondence to the stripe 
region. As a result, a stripe groove as represented in FIG. 10B 
is formed, and the current blocking regions 107 are separated 
from each other by the central stripe groove. Similarly, the 
current-blocking regions 108 are separated from each other 
by the stripe groove. The chemical etching process may be 
conducted by using a Sulfuric Solution as an etchant. 
(0289 Next, the resist film 201 is removed and the optical 
waveguide layer 109, the cladding layer 110, the band-dis 
continuity relaxation layer 111, and the cap layer 112 are 
formed consecutively by an epitaxial process. Thereafter, the 
p-type electrode 113 is formed on the cap layer 112 and the 
bottom surface of the GaAs substrate 101 is polished. 
0290 Finally, the n-type electrode 114 is formed on the 
polished bottom surface of the GaAs substrate 101. 
0291. The laser diode of FIG.9 has s current-confinement 
structure formed by the current-blocking regions 107 and 
108, wherein the current-blocking regions 107 and 108 con 
fine the injected drive current into the stripe region thus 
formed. 

0292. As the current-confinement structure thus formed 
include a stacking of the p-type AlGalnPlayer 107 and the 
n-type A1GalnPlayer 108, there is formed a pnpnjunction in 
the region outside the stripe region. Because of the reverse 
biasing of the pnjunction, there flows no Substantial electric 
current in Such a current-confinement structure, and the elec 
tric current is effectively confined into the stripe region. 
0293. Of course it is possible to construct the current 
confinement structure by stacking of more than two layers 
with different carrier density or different conductivity type. 
Alternatively, the current-confinement structure may be 
formed by using a high-resistance or semi-insulating 
AlGalnPlayer. 
0294. When a drive current is injected into the GainAsP 
active layer 105, there occurs emission of optical radiation 
with a wavelength of 635 nm in correspondence to the band 
gap. Thereby, it should be noted that the optical waveguide 
layer 109 of AlGalnP covers the stripe groove over the thin 
GalnP etching stopper layer 106. In view of the fact that the 
optical waveguide layer 109 has a refractive index smaller 
than the refractive index of the active layer 105 but larger than 
the refractive index of the cladding layer 110 or the current 
blocking regions 107 and 108, and further in view of the fact 
that the optical waveguidelayer 109 is located away from the 
active layer 105 in the region outside the stripe groove, there 
is formed a refractive index structure in which the refractive 
index is larger in the stripe groove than in the region outside 
the strip groove. Thereby, the optical radiation emitted by the 
active layer 105 is effectively confined in the stripe groove. 
0295 While it is true that the horizontal lateral mode leaks 
into the region outside the stripe groove, the optical loss 
outside the stripe groove is minimized due to the large band 
gap of the p-type current-blocking regions 107 and the n-type 
current-blocking regions 108. There occurs no substantial 
optical absorption. Thus, the drive current of the laser diode is 
effectively minimized. 
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0296. In the structure of FIG.9, it should be noted that the 
foregoing real refractive indeX profile is formed, not by reduc 
ing the refractive index of the current-blocking regions 107 
and 108 but by changing the location of the optical waveguide 
layer 109. Thus, the same composition can be used for the 
p-type current-blocking regions 107 and the n-type current 
blocking regions 108. Thereby, there is no need of increasing 
the Al content and the problem of optical damaging of the 
optical cavity edge is minimized. 
0297. In view of the fact that the laser diode of FIG. 9 is 
constructed on the GaAsP substrate 115 having a lattice con 
stant between the lattice constant of GaAs and the lattice 
constant of GaP, the GalnP etching stopper layer 106 that 
achieves lattice matching with the GaAsP substrate 115 has 
the composition of Gao, Ino P and a bandgap wavelength of 
560 nm. As this wavelength is substantially shorter than the 
bandgap wavelength of 635 nm of the active layer 105, the 
etching stopper layer 106 functions as a carrier-blocking layer 
having a bandgap larger than the bandgap of the active layer 
105. Thereby, there occurs no optical absorption by the etch 
ing stopper layer 106. In view of the fact that a GalnPlayer 
shows a very low etching rate with respect to an AlGalnP 
layer when Subjected to an etching process using a Sulfuric 
acid etchant, the selective etching process for forming the 
current-blocking regions 107 and 108 is substantially facili 
tated. 

0298. It should be noted that the GaAsP 115 is formed 
on the n-type GaAs substrate 101 as a result of stacking of the 
n-type GaAsP composition graded layer 102 and the n-type 
GaAsPothick film 103 formed by a vapor-phase epitaxial 
process, as noted previously. Such a GaAsP Substrate is mar 
keted commercially as a substrate for 660 nm-wavelength red 
LED. Thus, fabrication of the laser diode is easily made, by 
utilizing such a commercially available Substrate. 

Second Embodiment 

0299 Next, a second embodiment of the present invention 
will be described with reference to FIG. 11 wherein those 
parts corresponding to the parts described previously are 
designated by the same reference numerals and the descrip 
tion thereof will be omitted. 
0300 Referring to FIG. 11, there is provided a lower opti 
cal waveguidelayer 301 on the n-type cladding layer 104 with 
a composition of Gao, InP, and a quantum-well active layer 
302 is formed on the lower optical waveguide layer 301 by 
alternately stacking GalnP and GainAsPlayers so as to form 
a strained Superlattice structure. Further, a first upper optical 
waveguide layer 303 is formed on the quantum-well active 
layer 302 with a composition represented as Ga().7InO.3P. 
Further, a second upper optical waveguide layer 304 is 
formed on the n-type current-blocking regions 108 with a 
composition of Ga().7In().3P, wherein the second upper opti 
cal waveguide layer is formed on the current-blocking 
regions 108 So as to cover the stripe groove region. Otherwise, 
the laser diode of FIG. 11 has a construction disclosed in FIG. 
9 

0301 In the present embodiment, the laser diode has an 
SCH structure as a result of use of the optical waveguide 
layers 301 and 303 on the GainAsP/GalnP quantum-well 
active layer 302, wherein it should be noted that the lower 
optical waveguide layer 301 and the first upper optical 
waveguide layer 303 have an Al-free composition of Ga(). 
7In).3P. 
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0302) Thus, the laser diode of the present embodiment has 
an advantageous feature over the laser diode of the previous 
embodiment in the point in that the problem of oxidation or 
formation of Surface States at the optical cavity edge Surface is 
reduced. Thereby, the problem of optical damaging at Such a 
cavity edge Surface is reduced. 
0303. Further, there is an advantageous point, in view of 
the fact that the second upper optical waveguide layer 304 
covering the first optical waveguide layer 303 and the n-type 
current-blocking regions 108 is formed with the composition 
of Ga().7In().3P, that the second crystal growth is started from 
the layer thus free from Al. Thereby, the quality of the crystal 
of the semiconductor layers thus formed by the regrowth 
process is improved. 
0304 Further, it should be noted, in the laser diode of FIG. 
11, that the total thickness of the Gao,In Pfirst upper opti 
cal waveguide layer 303 and the Gao, Ino P second upper 
optical waveguide layer 304 is set generally equal to the 
thickness of the Gao, Ino P lower optical waveguide layer 
301. Thus, there appears a symmetric refractive profile about 
the quantum-well active layer 302 in the vertical cross section 
of the laser diode for the part that includes the stripe region. 
As a result of such a vertically symmetric refractive index 
profile, the quantum-well active layer 302 is located at the 
position where the vertical mode optical intensity is maxi 
mum. Thereby, the coefficient of optical confinement is 
improved and the threshold current of laser oscillation is 
reduced. 

Third Embodiment 

0305 FIG. 12 shows the construction of a laser diode 
according to a third embodiment of the present invention, 
wherein those parts corresponding to the parts described pre 
viously are designated by the same reference numerals and 
the description thereof will be omitted. 
0306 Referring to FIG. 12, the laser diode includes an 
n-type cladding layer 401 formed on the n-type GaAso Po 
thick film 103 with a composition of (AlosGaos). In Aso. 
o5Poss. Further, the laser diode includes a pair of current 
blocking regions 402 of p-type A1GainAsP formed on the first 
upper optical waveguide layer 303 with the composition of 
(AlosGaos)o.7Inos Asolos Poos except for the Stripe region, 
and a pair of current-blocking regions 403 of n-type AlGan 
ASP having a composition represented as (AlosGaos)o Ino. 
3A Solos Poos are formed on the p-type current-blocking 
regions 402 respectively. Each of the n-type current-blocking 
regions 403 is covered by a cap layer 404 of GalnP having a 
composition represented as Gao,In P. 
0307 Further, the laser diode includes, on the second 
upper optical waveguide layer 304, a cladding layer 405 of 
p-type A1GanASP with a composition represented as (Alo. 
sGaos)07Ino.3ASolospoos. 
0308. In the present embodiment, the n-type A1GainAsP 
current-blocking regions 403 are covered with the Gao InoP 
cap layer 404, which is free from Al. Thereby, the surface of 
the current-blocking regions 403 containing Al is not exposed 
for the surface on which the regrowth process is to be con 
ducted. Thus, the quality of the crystal layers to be grown 
thereon is improved. 
0309 Further, it should be noted that the n-type cladding 
layer 401, the p-type current-blocking regions 402, the n-type 
current-blocking regions 403, and the p-type cladding layer 
405 are formed of AlGainAsP containing. As with an amount 
of about 5%. By adding a small amount of As to the mixed 
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crystal of AlGalnP, the hillock density and hillock size are 
reduced Substantially in the mixed crystal layer grown by an 
MOCVD process. Thereby, the smoothness of the device 
Surface is improved and the scattering loss of the optical 
radiation in the optical waveguide is minimized. Associated 
therewith, the threshold current of laser oscillation is reduced 
and the slope efficiency is improved. 
0310. According to the present embodiment, it is possible 

to set a width W of the stripe region to be smaller than 5um. 
For example, it is possible to set the width to 3 lum. When the 
width of the Stripe region is thus decreased, the leakage of the 
lateral mode optical radiation to the region outside the stripe 
region increases inevitably. If the current-blocking regions of 
the laser diode are formed of a material that absorbs the 
optical radiation, there would occur an extensive optical 
absorption loss and the slope efficiency of the laser diode 
would have been deteriorated. Further, when the Al-content in 
the current-blocking regions is large, there is a risk of optical 
damaging caused in the current-blocking regions in corre 
spondence to the optical cavity edge as a result of optical 
absorption by the surface states. It should be noted that the 
current-blocking regions contain Al with a concentration 
identical with the concentration of the cladding layer, and 
there occurs no increase of optical damaging in the current 
blocking regions. The decrease of the stripe width of course 
contributes to the decrease of the drive current of the laser 
diode. 

Fourth Embodiment 

0311 FIG. 13 shows the construction of a laser diode 
according to a fourth embodiment of the present invention. 
0312 Referring to FIG. 13, the laser diode is constructed 
on a Substrate 1102 of n-type GaAs carrying thereon a com 
position-graded layer 1103 of n-type GaAsP having a com 
position represented as GaAsP, wherein the composition 
graded layer 1103 is formed by an MOCVD process while 
changing the composition y continuously and gradually from 
1 to 0.4. The growth process of the composition-graded layer 
1103 is well established a smooth surface is realized by opti 
mizing the composition gradient. 
0313 Next, a buffer layer 1104 of n-type GaAsP having a 
composition of GaAsP is grown on the composition 
graded layer 1103, and cladding layer 1105 of n-type AlGain 
AsP an undoped active layer 1106 of GainAsP a cladding 
layer 1107 of p-type AlGainAsP a spike-elimination layer 
1108 of p-type GalnP, and a cap layer 1109 of p-type GaAsP. 
are grown consecutively on the buffer layer 1104 by an 
MOCVD process. 
0314. After the formation of the cap layer 1109, an SiO, 
film is deposited by a CVD process, followed by a photolitho 
graphic process to form a stripe pattern in correspondence to 
the region where injection of electric current is to be made, 
with a width of 10 um. 
0315) Next, the layers 1109 and 1108 are patterned con 
secutively by a chemical etching process while using the SiO, 
film thus formed as a mask, wherein the chemical etching 
process is continued until the etching reaches a part of the 
semiconductor layer 1107. As a result, a mesa ridge stripe is 
formed as represented in FIG. 13. 
0316. In the foregoing chemical etching process, the 
p-type GaAs cap layer 1109 is patterned while using a sulfuric 
acid etchant, while the p-type GalnP layer 1108 and the 
p-type A1GainAsPlayer 1107 are patterned by a hydrochloric 
acid etchant. The depth of etching of the cladding layer 1107 
is controlled by way of controlling the duration of the etching 
process. According to Such a process, it is possible to simplify 
the fabrication process and, device structure. 

Aug. 5, 2010 

0317 Next, a pair of current-blocking regions 1110 of 
n-type A1GainAsP are formed on the mesa structure thus 
formed by a regrowth process while using the SiO film as the 
mask covering the ridge region of the mesa structure, wherein 
the current-blocking regions 1110 are grown on the region of 
the cladding layer 1107 not covered by the SiO, mask. 
0318. Further, the SiO, mask is removed and a contact 
layer 1111 of p-type GaAsP is grown on the current-blocking 
regions 1110 by a regrowth process so as to cover the p-type 
GaAsP cap layer 1109 exposed at the ridge region of the mesa 
Structure. 

0319. Thereafter, the bottom surface of the substrate 1102 
is polished and an n-type electrode 1101 is formed thereon by 
an evaporation deposition process. Further, a p-type electrode 
1112 is deposited on the contact layer 1111. The electrodes 
1101 and 1112 are subjected to an annealing process, and the 
optical cavity of the laser diode is formed by cleaving the 
structure thus formed. 
0320 In the laser diode of FIG. 13, it should be noted that 
the cladding layer 1107, the contact layer 1111 and the cap 
layer 1109 achieve a lattice matching to the GaAsP mixed 
crystal layer of the composition GaAsPoa. 
0321) In the GainAsP active layer 1106 formed with lat 
tice matching with the GaAsP mixed crystal composi 
tion, it is possible to change the bandgap wavelength from 
560 nm to 650 nm. Further, it is also possible to increase the 
range of optical wavelength by adopting a quantum-well 
structure or applying strain to the active layer 1106. Further, 
it is possible to realize an optical wavelength of the 630 nm 
band or 650 nm band by introducing. As into the active layer. 
0322. In the case of the laser diode of the illustrated con 
struction, the laser diode oscillated at the wavelength of 635 
nm. In this case, a mixed crystal of AlGainAsP was used for 
the current blocking regions 1110, and the AS content was set 
to be 20% in atomic percent for the group V elements consti 
tuting the mixed crystal. As a result, the problem of hillock 
formation was successfully Suppressed and a flat and Smooth 
Surface was obtained. Thereby, the leakage current associated 
with the hillocks was reduced, and the frequency of initial 
failure of the laser diode was also reduced. With the elimina 
tion of current leakage path, the injected drive current was 
effectively confined into the stripe region as a result of the 
current-confinement action of the pnp structure formed out 
side the ridge Stripe. 
0323 Further, in view of the fact that an AlGanAsP com 
position having a smaller bandgap as compared with the 
active layer 1106 is used for the current-blocking regions 
1110, there occurs an optical absorption for the higher mode 
optical radiation leaked from the Stripe region in the lateral 
direction. Thereby, a waveguide loss is caused at the region 
outside the ridge stripe for the higher-mode optical radiation 
that spreads into such a region outside the stripe ridge struc 
ture. Associated therewith, the fundamental mode optical 
radiation is alone is effectively confined in the ridge stripe and 
there is formed a refractive-index waveguide structure char 
acterized by a single peak. The laser diode thereby oscillates 
stably in the fundamental lateral mode even when operated to 
provide a high output power. 

Fifth Embodiment 

0324 FIG. 14 shows the construction of a laser diode 
according to a fifth embodiment of the present invention. 
0325 Referring to FIG. 14, the laser diode is constructed 
on a Substrate 1202 of n-type GaAs carrying thereon a com 
position-graded layer 1203 of n-type GaAsP having a com 
position represented as GaAsP, wherein the composition 
graded layer 1203 is formed by an MOCVD process while 
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changing the composition y continuously and gradually from 
1 to 0.4. The growth process of the composition-graded layer 
1203 is well established a smooth surface is realized by opti 
mizing the composition gradient. 
0326. Next, a buffer layer 1204 of n-type GaAsP having a 
composition of GaAso. Poa is grown on the composition 
graded layer 1203, and cladding layer 1105 of n-type AlGain 
AsP an undoped active layer 1206 of GainAsP a cladding 
layer 1207 of p-type AlGainAsP a spike-elimination layer 
1208 of p-type GalnP, and a cap layer 1209 of p-type GaAsP. 
are grown consecutively on the buffer layer 1204 by an 
MOCVD process. 
0327. After the formation of the cap layer 1209, an SiO, 
film is deposited by a CVD process, followed by a photolitho 
graphic process to form a stripe pattern in correspondence to 
the region where injection of electric current is to be made, 
with a width of 10 um. 
0328. Next, the layers 1209 and 1208 are patterned con 
secutively by a chemical etching process while using the SiO, 
film thus formed as a mask, wherein the chemical etching 
process is continued until the etching reaches a part of the 
semiconductor layer 1207. As a result, a mesa ridge stripe is 
formed as represented in FIG. 14. 
0329. In the foregoing chemical etching process, the 
p-type GaAs cap layer 1209 is patterned while using a sulfuric 
acid etchant, while the p-type GalnP layer 1208 and the 
p-type A1GainAsPlayer 1207 are patterned by a hydrochloric 
acid etchant. The depth of etching of the cladding layer 1207 
is controlled by way of controlling the duration of the etching 
process. According to Such a process, it is possible to simplify 
the fabrication process and device structure. 
0330 Next, a pair of current-blocking regions 1210 of 
n-type A1GainAsP are formed on the mesa structure thus 
formed by a regrowth process with a composition set so as to 
achieve lattice matching with the GaAsP mixed crystal 
composition while using the SiO film as the mask covering 
the ridge region of the mesa structure, wherein the current 
blocking regions 1210 are grown on the region of the cladding 
layer 1207 not covered by the SiO, mask. By introducing As 
with a concentration of 5% into the current-blocking regions 
1210, the problem of hillock formation was effectively sup 
pressed. 
0331 Further, the SiO, mask is removed and a contact 
layer 1211 of p-type GaAsP is grown on the current-blocking 
regions 1210 by a regrowth process so as to cover the p-type 
GaAsP cap layer 1209 exposed at the ridge region of the mesa 
Structure. 

0332 Thereafter, the bottom surface of the substrate 1202 
is polished and an n-type electrode 1201 is formed thereon by 
an evaporation deposition process. Further, a p-type electrode 
1212 is deposited on the contact layer 1211. The electrodes 
1201 and 1212 are subjected to an annealing process to form 
an ohmic contact, and the optical cavity of the laser diode is 
formed by cleaving the structure thus formed. 
0333. In the laser diode of FIG. 14, it should be noted that 
the cladding layer 1207, the current-blocking regions 1210, 
the contact layer 1211 and the cap layer 1209 achieve lattice 
matching to the GaAsP mixed crystal layer of the composi 
tion GaAso. Poa. 
0334. In the GainAsP active layer 1206 formed with lat 
tice matching with the GaAsP mixed crystal composi 
tion, it is possible to change the bandgap wavelength from 
560 nm to 650 nm. Further, it is also possible to increase the 
range of optical wavelength by adopting a quantum-well 
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structure or applying strain to the active layer 1206. Further, 
it is possible to realize an optical wavelength of the 630 nm 
band or 650 nm band by introducing. As into the active layer 
1206. 
0335. In the case of the laser diode of the illustrated con 
struction, the laser diode oscillated at the wavelength of 635 
nm. In this case, a mixed crystal of AlGainAsP was used for 
the current blocking regions 1210 with the lattice matching 
composition to the GaAsP mixed crystal while setting the As 
content to 5% in atomic percent for the group V elements 
constituting the mixed crystal. Thereby, the refractive index 
of the current-blocking regions 1210 is reduced as compared 
with the refractive index of the cladding layer 1207, and there 
is formed a real refractive index waveguide structure. 
0336 Associated therewith, the efficiency of laser oscilla 
tion is improved and the laser diode can operate stably with 
high optical output power. The use of the real-refractive index 
waveguide structure also reduces astigmatism of the output 
optical beam. 
0337. Further, the problem of hillock formation was suc 
cessfully suppressed and a flat and Smooth Surface was 
obtained by introducing 5% of As into the current-blocking 
regions 2210. Thereby, the leakage current associated with 
the hillocks was reduced, and the frequency of initial failure 
of the laser diode was also reduced. With the elimination of 
current leakage path, the injected drive current was effec 
tively confined into the Stripe region as a result of the current 
confinement action of the pnp structure formed outside the 
ridge Stripe. 

Sixth Embodiment 

0338 FIG. 15 shows the construction of a laser diode 
according to a sixth embodiment of the present invention. 
0339 FIG. 15 shows the construction of a laser diode 
according to a sixth embodiment of the present invention. 
0340 Referring to FIG. 15, the laser diode is constructed 
on a substrate 1302 of n-type GaAs carrying thereon a com 
position-graded layer 1303 of n-type GaAsP having a com 
position represented as GaAs, P., wherein the composition 
graded layer 1303 is formed by an MOCVD process while 
changing the composition y continuously and gradually from 
1 to 0.4. The growth process of the composition-graded layer 
1303 is well established a smooth surface is realized by opti 
mizing the composition gradient. 
0341. Next, a buffer layer 1304 of n-type GaAsP having a 
composition of GaAsP is grown on the composition 
graded layer 1303, and cladding layer 1305 of n-type AlGain 
AsP an undoped active layer 1306 of GainAsP a first clad 
ding layer 1307 of p-type AlGainAsP an etching stopper 
layer 308 of p-type GaAsP a second cladding layer of p-type 
AlGainAsP a spike elimination layer 1310 of p-type GalnP. 
and a cap layer 1311 of p-type GaAsP are grown consecu 
tively on the buffer layer 1304 by an MOCVD process. 
0342. After the formation of the cap layer 1311, an SiO, 
film is deposited by a CVD process, followed by a photolitho 
graphic process to form a stripe pattern in correspondence to 
the region where injection of electric current is to be made, 
with a width of 10 Lum. 
(0343 Next, the layers 1311, 1310 and 1309 are patterned 
consecutively by a chemical etching process while using the 
SiO film thus formed as a mask, wherein the chemical etch 
ing process is continued until the etching stopper layer 1308 
is exposed. As a result, a mesa ridge Stripe is formed as 
represented in FIG. 14. 
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0344. In the foregoing chemical etching process, the 
p-type GaAsP cap layer 1311 is patterned while using a 
sulfuric acid etchant, while the p-type GalnPlayer 1310 and 
the p-type AlGainAsP layer 1309 are patterned by a hydro 
chloric acid etchant. As a result of use of the etching stopper 
layer 1308, the control of height of the ridge structure is 
substantially facilitated. 
0345 Next, a pair of current-blocking regions 1312 of 
n-type A1GainAsP are formed on the mesa structure thus 
formed by a regrowth process while using the SiO film as the 
mask covering the ridge region of the mesa structure, wherein 
the current-blocking regions 1312 are grown on the region of 
the cladding layer 1312 not covered by the SiO, mask. 
0346 Further, the SiO, mask is removed and a contact 
layer 1313 of p-type GaAsP is grown on the current-blocking 
regions 1312 by a regrowth process so as to cover the p-type 
GaAsP cap layer 1311 exposed at the ridge region of the mesa 
Structure. 

0347 Thereafter, the bottom surface of the substrate 1302 
is polished and an n-type electrode 1301 is formed thereon by 
an evaporation deposition process. Further, a p-type electrode 
1314 is deposited on the contact layer 1313. The electrodes 
1301 and 1314 are subjected to an annealing process so as to 
form an ohmic contact, and the optical cavity of the laser 
diode is formed by cleaving the structure thus formed. 
0348. In the laser diode of FIG. 15, a laser oscillation was 
obtained with the horizontallateral mode at the wavelength of 
650 nm. 

0349. As a result of use of the mixed crystal containing As 
for the current-confinement regions 1312, the problem of 
hillock formation was successfully eliminated. Thereby, the 
problem of leakage currentor waveguide loss associated with 
optical scattering is eliminated and the threshold current of 
laser oscillation is reduced. In the illustrated example, a com 
position of GaAsP was used for the etching stopper layer 
1308 so as to form a lattice misfit of about -0.73%. Thereby, 
the bandgap of the etching stopper layer 1308 exceeds the 
photon energy of the laser beam radiation produced by the 
laser diode and the problem of optical loss is avoided. It 
should be noted that the etching stopper layer 1308 is pro 
vided with a thickness less than the critical thickness and the 
problem of degradation of crystal quality is avoided. 
0350. In the present embodiment that uses GaAsP for the 
etching stopper layer 1308, the bandgap energy is larger than 
the case ofusing GalnP for the etching stopper layer 1308. On 
the other hand, the lattice strain of the etching stopper layer 
1308 can be minimized by using a composition of GainAsP. 
The etching stopper layer 1308 having such a composition 
avoids optical absorption simultaneously. 
0351. As a result of use of the etching stopper layer 1308, 

it becomes possible, in the present embodiment, to apply an 
etching process to the region where the active layer 1306 is 
provided or to the region in the vicinity of the active layer 
1306, without causing an over-etching of the active layer 
1506. Even so, the effect of non-optical surface states on the 
etching Surface was eliminated with regard to the device 
characteristic or scattering of device characteristic. 
0352 Further, in view of the fact that the etching stopper 
layer 1308 is covered with the cladding layer 1307, there 
occurs no surface oxidation, and the current-confinement 
regions 312 are formed thereon with excellent crystal quality. 
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As a result, the laser diode of the present embodiment shows 
little aging and operates with excellent reliability. 

Seventh Embodiment 

0353 FIG. 16 shows the construction of a laser diode 
according to a seventh embodiment of the present invention. 
0354 Referring to FIG. 16, the laser diode is constructed 
on a Substrate 1402 of n-type GaAs carrying thereon a com 
position-graded layer 1403 of n-type GaAsP having a com 
position represented as GaAs, P., wherein the composition 
graded layer 1403 is formed by an MOCVD process while 
changing the composition y continuously and gradually from 
1 to 0.4. The growth process of the composition-graded layer 
1403 is well established a smooth surface is realized by opti 
mizing the composition gradient. 
0355 Next, a buffer layer 1404 of n-type GaAsP having a 
composition of GaAsP is grown on the composition 
graded layer 1403, and cladding layer 1405 of n-type AlGain 
AsP an optical waveguide layer 1406 of undoped GalnP, an 
active layer 1407 of undoped GanAsP an optical waveguide 
layer 1408 of undoped GalnP, a cladding layer 1409 of p-type 
AlGainAsP a spike-elimination layer 1410 of p-type GalnP. 
and a cap layer 1411 of p-type GaAsP are grown consecu 
tively on the buffer layer 1404 by an MOCVD process. 
0356. After the formation of the cap layer 1411, an SiO, 
film is deposited by a CVD process, followed by a photolitho 
graphic process to form a stripe pattern in correspondence to 
the region where injection of electric current is to be made, 
with a width of 10 um. 
0357 Next, the layers 1411, 1410 and 1409 are patterned 
consecutively by a chemical etching process while using the 
SiO film thus formed as a mask, wherein the chemical etch 
ing process is continued until the optical waveguide layer 
1408 is exposed. As a result, a mesa ridge stripe is formed as 
represented in FIG. 16. 
0358. In the foregoing chemical etching process, the 
p-type GaAsP cap layer 1411 is patterned while using a 
sulfuric acid etchant, while the p-type GalnPlayer 1410 and 
an upper part of the p-type AlGainAsP layer 1409 are pat 
terned by a hydrochloric acid etchant. Then the etchant is 
changed again to the Sulfuric acid etchant and the remaining 
part of the AlGainAsP cladding layer 1409 is etched until the 
optical waveguide layer 1408 is exposed. Thereby, the optical 
waveguide layer 1408 is used as the etching stopper. As a 
result of use of the etching stopper, the present invention can 
control the height of the ridge structure easily. 
0359 Next, a pair of current-blocking regions 1413 of 
p-type A1GainAsP are formed on the mesa structure thus 
formed by a regrowth process while using the SiO film as the 
mask covering the ridge region of the mesa structure, wherein 
the current-blocking regions 1412 are grown on the region of 
the optical waveguide layer 1408 and the cladding layer 1409 
not covered by the SiO, mask. Further, n-type AlInAsP cur 
rent blocking regions 1413 are grown on the p-type current 
blocking regions 1412 while using the SiO2 mask, similarly 
to the process of forming the current-blocking regions 1412. 
0360. Further, the SiO, mask is removed and a contact 
layer 1414 of p-type GaAsP is grown on the current-blocking 
regions 1413 by a regrowth process so as to cover the p-type 
GaAsP cap layer 1411 exposed at the ridge region of the mesa 
Structure. 

0361. Thereafter, the bottom surface of the substrate 1402 
is polished and an n-type electrode 1401 is formed thereon by 
an evaporation deposition process. Further, a p-type electrode 
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1412 is deposited on the contact layer 1414. The electrodes 
1401 and 1415 are subjected to an annealing process, and the 
optical cavity of the laser diode is formed by cleaving the 
structure thus formed. 
0362. In the laser diode of FIG. 16, it should be noted that 
the cladding layer 1409, the contact layer 1414 and the cur 
rent-blocking regions 1412 and 1413 form together a pnp 
structure acting as a current confinement structure. 
0363. In the illustrated example, the laser diode oscillated 
with the fundamental lateral mode at the wavelength of 640 

. 

0364. By adding. As into the mixed crystal layer constitut 
ing the current-blocking regions 412 and 413, the problem of 
hillock formation is successfully eliminated in the laser diode 
of the present embodiment. Associated with this, the leakage 
current path is eliminated and the waveguide loss caused as a 
result of optical scattering is minimized. 
0365. As the active layer 1407 is sandwiched by the GalnP 
optical waveguide layers 1406 and 1408, which is free from 
Al, non-optical recombination of carriers is reduced and the 
threshold of laser oscillation is reduced. Further, as a result of 
use of Al-free material in the optical waveguide of the laser 
diode in which the optical intensity is strong, the Surface 
states associated with oxidation of Al is minimized and the 
COD level is increased. Thereby, the laser diode operates at a 
high optical output power. 

Eighth Embodiment 
0366 FIG. 17 shows the construction of a laser diode 
according to an eighth embodiment of the present invention. 
0367 Referring to FIG. 17, the laser diode is constructed 
on a substrate 1502 of n-type GaAs carrying thereon a com 
position-graded layer 1503 of n-type GaAsP having a com 
position represented as GaAsP, wherein the composition 
graded layer 1503 is formed by an MOCVD process while 
changing the composition y continuously and gradually from 
1 to 0.4. The growth process of the composition-graded layer 
1503 is well established a smooth surface is realized by opti 
mizing the composition gradient. Next, a buffer layer 1504 of 
n-type GaAsP having a composition of GaAsP is grown 
on the composition-graded layer 1503, and a cladding layer 
1505 of n-type AlGainAsP an undoped active layer 1506 of 
GainAsP, a first cladding layer 1507 of p-type AlGainAsP. 
and a current confinement layer 1508 of n-type AlGainAsP. 
are grown consecutively on the buffer layer 1504 by an 
MOCVD process. 
0368. After the formation of the current confinement layer 
1508, a resist film is deposited by a spin-coating process, 
followed by a photolithographic process to form a stripe 
window in correspondence to the region where injection of 
electric current is to be made, with a width of -10 um. 
0369. Next, the current confinement layer 1508 is pat 
terned by a chemical etching process while using the resist 
film thus formed as a mask, wherein the chemical etching 
process is continued until the etching reaches the optical 
waveguidelayer 1507. As a result, a stripe groove is formed as 
represented in FIG. 17. The chemical etching process may be 
conducted by using a Sulfuric acid etchant. As a result of the 
chemical etching process, a pair current-blocking regions 
1508 are formed with an intervening stripe groove region 
exposing the optical waveguide layer 1507. 
0370. Next, the resist film is removed and a second clad 
ding layer 1509 of p-type A1GainAsP a spike-elimination 
layer 1510 of p-type GalnP, and a contact layer 1511 of p-type 
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GaAsP are grown consecutively on the current-blocking 
regions 1508 by a regrowth process so as to cover the optical 
waveguide layer 1507 exposed at the stripe groove region. 
0371. Thereafter, the bottom surface of the substrate 1502 

is polished and an n-type electrode 1501 is formed thereon by 
an evaporation deposition process. Further, a p-type electrode 
1512 is deposited on the contact layer 1511. The electrodes 
1501 and 1512 are subjected to an annealing process to form 
an ohmic contact, and the optical cavity of the laser diode is 
formed by cleaving the structure thus formed. 
0372. In the laser diode of FIG. 17, it should be noted that 
the cladding layer 1509 and the contact layer 1111 achieve a 
lattice matching to the GaAsP mixed crystal layer of the 
composition GaAsoo Po. 
0373. In the case of the laser diode of the illustrated con 
struction, the laser diode oscillated with the fundamental 
lateral mode at the wavelength of 635 nm. 
0374. It should be noted that the current-blocking layer or 
regions 1508 contain As with the concentration of 20%. As a 
result, there occurs no Substantial formation of hillocks and a 
smooth and flat surface is obtained for the layer 1508. 
Thereby, the problem of leakage current induced by hillocks 
or the associated problem of initial failure of the laser diode is 
effectively eliminated. 
0375. Further, in view of elimination of the leakage cur 
rent path, it becomes possible to confine the electric current 
into the stripe region more efficiently. 
0376. It should be noted that the fabrication process of the 
laser diode of the present embodiment requires only two 
MOCVD process, contrary to the case of forming the laser 
diode having a stripe ridge structure, which requires three 
separate MOCVD process. Thereby, the number of intermis 
sion of the growth process is reduced and degradation of 
quality of the epitaxial layers grown on Such a Surface is 
minimized. 

Ninth Embodiment 

0377 FIG. 18 shows the construction of a laser diode 
according to an eighth embodiment of the present invention. 
0378 Referring to FIG. 18, the laser diode is constructed 
on a Substrate 1602 of n-type GaAs carrying thereon a com 
position-graded layer 1603 of n-type GaAsP having a com 
position represented as GaAsP, wherein the composition 
graded layer 1603 is formed by an MOCVD process while 
changing the composition y continuously and gradually from 
1 to 0.4. The growth process of the composition-graded layer 
1603 is well established a smooth surface is realized by opti 
mizing the composition gradient. 
0379 Next, a buffer layer 1604 of n-type GaAsP having a 
composition of GaAso. Poa is grown on the composition 
graded layer 1603, and a cladding layer 1605 of n-type 
AlGainAsP an undoped active layer 1606 of GainAsP, a first 
cladding layer 1607 of p-type A1GainAsP and a current con 
finement layer 1608 of n-type AlGainAsP are grown con 
secutively on the buffer layer 1604 by an MOCVD process. 
0380. After the formation of the current confinement layer 
1608, a resist film is deposited by a spin-coating process, 
followed by a photolithographic process to form a stripe 
window in correspondence to the region where injection of 
electric current is to be made, with a width of 10 Lum. 
0381 Next, the current confinement layer 1608 is pat 
terned by a chemical etching process while using the resist 
film thus formed as a mask, wherein the chemical etching 
process is continued until the etching reaches the optical 
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waveguidelayer 1607. As a result, a stripe groove is formed as 
represented in FIG. 17. The chemical etching process may be 
conducted by using a Sulfuric acid etchant. As a result of the 
chemical etching process, a pair current-blocking regions 
1508 are formed with an intervening stripe groove region 
exposing the optical waveguide layer 1607. 
0382 Next, the resist mask is removed and a second clad 
ding layer 1609 of p-type A1GainAsP a spike-elimination 
layer 1610 of p-type GalnP, and a contact layer 1611 of p-type 
GaAsP are grown on the current-blocking regions 1608 con 
secutively by a regrowth process So as to cover the optical 
waveguide layer 1607 exposed at the stripe groove region. 
0383. Thereafter, the bottom surface of the substrate 1602 

is polished and an n-type electrode 1601 is formed thereon by 
an evaporation deposition process. Further, a p-type electrode 
1612 is deposited on the contact layer 1611. The electrodes 
1601 and 1612 are subjected to an annealing process to form 
an ohmic contact, and the optical cavity of the laser diode is 
formed by cleaving the structure thus formed. 
0384. In the laser diode of FIG. 18, it should be noted that 
the AlInAsP current-blocking layer 1608, and hence the cur 
rent-blocking regions 1608, is formed to have a composition 
transparent to the laser beam radiation produced by the laser 
diode, by introducing 5% of As into the composition of AlInP. 
Thereby, the current-blocking regions 1608 achieve lattice 
matching with the composition GaAso. Po. 
0385. With this amount of As, it was observed that hillock 
formation is effectively suppressed. Further, it should be 
noted that the AlInAsP current-blocking regions 1608 of the 
foregoing lattice matching composition have a refractive 
index smaller than the refractive index of the cladding layer 
1607. Thus, there occurs no substantial waveguide loss, and 
the threshold current is reduced further. Further, the outer 
differential quantum efficiency is improved and the laser 
diode can produce high output optical power. In addition, the 
use of the real-refractive index waveguide structure reduces 
theastigmatism of the output optical beam, and a single peak 
beam spot is obtained. The laser diode causes an oscillation 
with the fundamental lateral mode when driven to produce a 
high output optical power. 

Tenth Embodiment 

0386 FIG. 19 shows the construction of a laser diode 
according to a tenth embodiment of the present invention. 
(0387 Referring to FIG. 19, the laser diode is constructed 
on a substrate 1702 of n-type GaAs carrying thereon a com 
position-graded layer 1703 of n-type GaAsP having a com 
position represented as GaAs, P., wherein the composition 
graded layer 1703 is formed by an MOCVD process while 
changing the composition y continuously and gradually from 
1 to 0.4. The growth process of the composition-graded layer 
1703 is well established a smooth surface is realized by opti 
mizing the composition gradient. 
0388 Next, a buffer layer 1704 of n-type GaAsP having a 
composition of GaAsP is grown on the composition 
graded layer 1703, and a cladding layer 1705 of n-type 
AlGainAsP an active layer 1706 of undoped GainAsP, a first 
cladding layer 1707 of p-type AlGainAsP an etching stopper 
layer 1708 of p-type GainAsP and a current confinement 
layer 1709 of n-type A1GainAsP are grown consecutively on 
the buffer layer 1704 by an MOCVD process. 
0389. After the formation of the current confinement layer 
1709, a resist film is deposited by a spin-coating process, 
followed by a photolithographic process to form a stripe 
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window in correspondence to the region where injection of 
electric current is to be made, with a width of 10 Lum. 
0390 Next, the current confinement layer 1709 is pat 
terned by a chemical etching process while using the resist 
film thus formed as a mask, wherein the chemical etching 
process is conducted by using a hydrochloric acid etchant and 
continued until the etching stopper layer 1708 is exposed. As 
a result, a stripe groove is formed as represented in FIG. 19. 
As a result of the use of the etching stopper layer 1708, the 
depth of the stripe groove is controlled exactly. 
0391 Next, the resist mask is removed and a second clad 
ding layer 1710 of p-type A1GainAsP a spike-elimination 
layer 1711 of p-type GalnP, and a contact layer 1712 of p-type 
GaAsP are grown consecutively on the current-blocking 
regions 1709 by a regrowth process so as to cover the etching 
stopper layer 1708 exposed at the stripe groove region. 
0392 Thereafter, the bottom surface of the substrate 1702 

is polished and an n-type electrode 1701 is formed thereon by 
an evaporation deposition process. Further, a p-type electrode 
1713 is deposited on the contact layer 1712. The electrodes 
1701 and 1713 are subjected to an annealing process to form 
an ohmic contact, and the optical cavity of the laser diode is 
formed by cleaving the structure thus formed. 
0393. In the case of the laser diode of the illustrated 
example, the laser diode oscillated with the fundamental lat 
eral mode at the wavelength of 635 nm. 
0394. It should be noted that the current-blocking regions 
1709 contain As. Thus, there occurs no substantial formation 
of hillocks and a smooth and flat surface is obtained for the 
layer 1709 and the layers grown thereon. Thereby, the prob 
lem of leakage current induced by hillocks is effectively 
eliminated. Further, the problem of optical loss associated 
with the hillocks in the optical waveguide region is elimi 
nated. 

0395. In the present invention, it should be noted that the 
GainAsP etching stopper 1708 has a lattice-matching com 
position in which the etching stopper layer 1708 achieves 
lattice matching with the Substrate. At this lattice-matching 
composition, the GainAsP etching stopper layer 1708 has a 
bandgap energy of about 2.0 eV, while this value of bandgap 
energy exceeds the photon energy of the laser oscillation 
radiation. Further, in view of the fact that the etching stopper 
layer 1708 achieves lattice matching, there occurs no limita 
tion with regard to the thickness of the etching stopper layer 
1708, and a desirable large process margin can be secured for 
the etching process, by using a large thickness for the etching 
stopper layer 17. 
0396 By providing the etching stopper layer 1708, it 
becomes possible to continue the etching process to the active 
layer 1706 or the region in the vicinity of the active layer 
1706, without causing over-etching of the active layer 1706. 
0397. The laser diode of the present embodiment has an 
advantageous feature in that the effect of non-optical recom 
bination center Such as Surface state is minimized because of 
the excellent quality of the crystallayers constituting the laser 
diode and excellent efficiency of laser oscillation is realized. 
Further, device-to-device variation of the laser characteristic 
is also minimized. It should be noted that the first cladding 
layer 1707 of AlGainAsP is covered by the p-type GaAsP 
etching stopper layer 1708. Thus, the first cladding layer 1707 
remains intact even when the etching process is conducted. 
Thus, the surface of the first cladding layer 1707 is free from 
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Surface oxidation or damages, and the current-blocking layer 
1709 is grown thereon with excellent quality. 

Eleventh Embodiment 

0398 FIG. 20 shows the construction of a laser diode 
according to an eleventh embodiment of the present inven 
tion. 
0399 Referring to FIG. 20, the laser diode is constructed 
on a substrate 1802 of n-type GaAs carrying thereon a com 
position-graded layer 1803 of n-type GaAsP having a com 
position represented as GaAsP, wherein the composition 
graded layer 1803 is formed by an MOCVD process while 
changing the composition y continuously and gradually from 
1 to 0.4. The growth process of the composition-graded layer 
1803 is well established a smooth surface is realized by opti 
mizing the composition gradient. 
(0400 Next, a buffer layer 1804 of n-type GaAsP having a 
composition of GaAso. Poa is grown on the composition 
graded layer 1803, and a cladding layer 1805 of n-type 
AlGainAsP an active layer 1806 of undoped GainAsP, a first 
cladding layer 1807 of p-type AlGainAsP an etching stopper 
layer 1808 of p-type GainAsP a current confinement layer 
1809 of n-type A1GainAsP and further an oxidation-preven 
tion layer 1810 of p-type GalnP are grown consecutively on 
the buffer layer 1804 by an MOCVD process. 
04.01. After the formation of the oxidation-prevention 
layer 1810, a resist film is deposited by a spin-coating pro 
cess, followed by a photolithographic process to form a stripe 
window in correspondence to the region where injection of 
electric current is to be made, with a width of 10 um. 
0402 Next, the oxidation-prevention layer 1810 of GalnP 
and the underlying current-blocking layer 1809 of AlInAsP 
are patterned by a chemical etching process while using the 
resist film thus formed as a mask, wherein the chemical 
etching process is conducted by using a hydrochloric acid 
etchant and is continued until the etching stopper layer 1808 
is exposed. As a result, a stripe groove is formed as repre 
sented in FIG. 20. 
0403. In the foregoing patterning process, the GalnP oxi 
dation-prevention layer 1810 and the AlInAsP current-block 
ing layer 1809 are patterned selectively with respect to the 
GaAsP etching stopper layer 1808 by using a hydrochloric 
acid etchant, and a pair of current-blocking regions 1809 are 
formed from the current-blocking layer 1809. 
0404 Next, the resist mask is removed and a second clad 
ding layer 1811 of p-type A1GainAsP a spike-elimination 
layer 1812 of p-type GalnP, and a contact layer 1813 of p-type 
GaAsP are grown consecutively on the current-blocking 
regions 1809 by a regrowth process so as to cover the etching 
stopper layer 1808 exposed at the stripe groove region. 
04.05 Thereafter, the bottom surface of the substrate 1802 

is polished and an n-type electrode 1801 is formed thereon by 
an evaporation deposition process. Further, a p-type electrode 
1813 is deposited on the contact layer 1812. The electrodes 
1801 and 1813 are subjected to an annealing process to form 
an ohmic contact, and the optical cavity of the laser diode is 
formed by cleaving the structure thus formed. 
0406. In the case of the laser diode of the illustrated 
example, the laser diode oscillated with the fundamental lat 
eral mode at the wavelength of 630 nm. 
0407. It should be noted that the current-blocking regions 
1809 contain As. Thus, there occurs no substantial formation 
of hillocks and a smooth and flat surface is obtained for the 
layer 1809 and the layers grown thereon. Thereby, the prob 
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lem of leakage current induced by hillocks is effectively 
eliminated. Further, the problem of optical loss associated 
with the hillocks in the optical waveguide region is elimi 
nated. 

0408. In the present embodiment, it should further be 
noted that the surface oxidation of the AlInAsP current 
blocking layer 1809 is eliminated by the oxidation-preven 
tion layer 1810, and the second cladding layer 1811 is grown 
thereon with excellent quality. Thus, the laser diode of the 
present embodiment shows little aging and operates reliably 
over a long time. 

Twelfth Embodiment 

04.09 FIG. 21 shows the construction of a laser diode 
according to a twelfth embodiment of the present invention. 
0410 Referring to FIG. 21, the laser diode is constructed 
on a substrate 1902 of n-type GaAs carrying thereon a com 
position-graded layer 1903 of n-type GaAsP having a com 
position represented as GaAs, P., wherein the composition 
graded layer 1903 is formed by an MOCVD process while 
changing the composition y continuously and gradually from 
1 to 0.4. The growth process of the composition-graded layer 
1903 is well established a smooth surface is realized by opti 
mizing the composition gradient. 
0411 Next, a buffer layer 1904 of n-type GaAsP having a 
composition of GaAso. Poa is grown on the composition 
graded layer 1903, and a cladding layer 1905 of n-type 
A1GalnAsP an optical waveguide layer 1906 of undoped 
GalnP, an active layer 1907 of undoped GainAsP an optical 
waveguide layer 1908 of undoped GalnP, a first current 
blocking layer 1909 of p-type A1GainAsP a second current 
blocking layer 1910 of n-type AlGainAsP and an oxidation 
prevention layer 1911 of p-type GalnP, are grown 
consecutively on the buffer layer 1904 by an MOCVD pro 
CCSS, 

0412. After the formation of the oxidation-prevention 
layer 1911, a resist film is deposited by a spin-coating pro 
cess, followed by a photolithographic process to form a stripe 
window in correspondence to the region where injection of 
electric current is to be made, with a width of 10 Lum. 
0413 Next, the oxidation-prevention layer 1911 of GalnP 
and the underlying current-blocking layers 1910 and 1909 of 
AlInAsP are patterned by a chemical etching process while 
using the resist film thus formed as a mask similarly to the 
previous embodiment, wherein the chemical etching process 
is conducted until the optical waveguide layer 1908 is 
exposed. As a result, a stripe groove is formed as represented 
in FIG. 21. Thereby, the optical waveguide layer 1908 func 
tions as an etching stopper. 
0414. Next, the resist mask is removed and a second clad 
ding layer 1912 of p-type A1GainAsP a spike-elimination 
layer 1913 of p-type GalnP, and a contact layer 1914 of p-type 
GaAsP are grown consecutively on the oxidation-prevention 
layer 1911 by a regrowth process so as to cover the optical 
waveguide layer 1908 exposed at the stripe groove region. 
0415. Thereafter, the bottom surface of the substrate 1902 

is polished and an n-type electrode 1901 is formed thereon by 
an evaporation deposition process. Further, a p-type electrode 
1915 is deposited on the contact layer 1914. The electrodes 
1901 and 1915 are subjected to an annealing process to form 
an ohmic contact, and the optical cavity of the laser diode is 
formed by cleaving the structure thus formed. 
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0416. In the case of the laser diode of the illustrated 
example, the laser diode oscillated with the fundamental lat 
eral mode at the wavelength of 630 nm. 
0417. It should be noted that the current-blocking regions 
1909 and 1910 contain As. Thus, there occurs no substantial 
formation of hillocks and a smooth and flat surface is obtained 
for the layers 1909 and 1910 and the layers grown thereon. 
Thereby, the problem of leakage current induced by hillocks 
is effectively eliminated. Further, the problem of optical loss 
associated with the hillocks in the optical waveguide region is 
eliminated. 
0418 Further, in view of the fact that the layer adjacent to 
the active layer is free from Al, non-optical recombination of 
carriers is Suppressed and the threshold current of laser oscil 
lation is reduced. In view of the fact that the region of the laser 
diode where there is formed strong optical radiation is free 
from Al, the number of surface states at the cavity edge 
Surface is reduced and the optical damaging at the optical 
cavity edge Surface is minimized. 
0419. In the foregoing embodiments a description was 
made with regard to the laser diode structure constructed on a 
graded GaAsP layer formed on a GaAs substrate. However, it 
is possible to construct the laser diode on a GaP substrate or 
GaAsP substrate. Further, a composition-graded layer of 
GalnP may be used in place of the GaAsP composition graded 
layer. Further, the composition-graded layer may be formed 
by a process other than a vapor phase epitaxial process. 

Thirteenth Embodiment 

0420 FIG. 22 shows the construction a semiconductor 
light-emitting device according to a thirteenth embodiment of 
the present invention. 
0421 Referring to FIG. 22, the semiconductor light-emit 
ting device is constructed on a semiconductor substrate 2001 
and includes an active layer 2004 emitting optical radiation 
and semiconductor layers 2002 and 2003 having a bandgap 
larger than abandgap of the active layer and a lattice constant 
intermediate between a lattice constant of GaP and a lattice 
constant of GaAs, wherein the semiconductor layers 2002 
and 2003 are formed so as to vertically sandwich the active 
layer 2004. 
0422. In the semiconductor light-emitting device of FIG. 
22, the semiconductor layer 2003 includes, in a part thereon, 
a layer 2005 having a composition represented as AlGa, In, 
a-PAS (0.8sXs 1,0sys 0.2, Osts 1), wherein a part of 
the layer 2005 is converted into oxidized regions 2007 as a 
result of selective 10 oxidation. 
0423. In the semiconductor light-emitting device of FIG. 
22, the foregoing oxidized regions 2007 become an insulator, 
and thus, the semiconductor layer 2005 functions as a current 
confinement structure. As the oxidized regions 2007 have a 
reduced refractive index, there occurs a refractive index step 
between the unoxidized part of the semiconductor layer 2005 
and the oxidized regions 2007. As a result, there emerges a 
real-refractive index waveguide structure suitable for lateral 
mode control. 
0424. Further, the structure of FIG. 22 is suitable for 
increasing the output power in view of the fact that the 
waveguide structure in the vicinity of the active layer 2004 is 
formed of a material free from waveguide loss. 
0425. It should be noted that, in the prior art device, it has 
been necessary to realize Such a real-waveguide structure by 
using a buried structure, which requires a number of crystal 
growth processes. Contrary to the prior art, the structure of 
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FIG. 22 can be formed by a single crystal growth process. 
Thereby, the semiconductor light-emitting device of the 
present embodiment can be formed easily with high yield of 
production. 

Fourteenth Embodiment 

0426 FIG. 23 shows the construction of a semiconductor 
light-emitting device according to a fourteenth embodiment 
of the present invention, wherein those parts corresponding to 
the parts described with reference to FIG.22 are designated 
by the same reference numerals and the description thereof 
will be omitted. 
0427 Referring to FIG. 23, the semiconductor light-emit 
ting device has a structure similar to that of the device of FIG. 
22 except that the active layer 2004 is formed of a single 
quantum well structure or a multiple quantum well structure 
and that the active layer 2004 is vertically sandwiched by a 
pair of optical waveguide layers 2024 and 2025 having a 
composition represented as (AlGa), In, PAS (0–Z-1, 
0.5<y<1, 0<us 1), wherein the active layer 2004 has a com 
position represented as (Ali Ga1-1), In, P, AS-1 
(0sx<1, 0<C.s 1, Osts 1) when formed of a single quan 
tum well. When the active layer 2004 is formed of a multiple 
quantum well structure, on the other hand, the active layer 
2004 is formed of alternate stacking of a quantum well layer 
of the foregoing composition and a barrier layer of a compo 
sition represented as (Al2Ga1-2). In 2P2AS1-2 (0sX.<1. 
0.5<C.s 1, Osts 1). Further, each of the cladding layers 
2002 and 2003 has a composition represented as (Al, Ga.) 
In PAs (0<ys 1, 0.50<B<1, 0<vs1), wherein the com 

position of the cladding layers 2002 and 2003 is set such that 
the cladding layers 2002 and 2003 have abandgap larger than 
a bandgap of the active layer 2004 and a lattice constant 
between GaP and GaAs. The composition of the optical 
waveguide layers 2024 and 2025 is set such that the optical 
waveguide layers 2024 and 2025 have a bandgap larger than 
the bandgap of the active layer 2004 but smaller than the 
bandgap of the cladding layers 2002 and 2003. 
0428. In the construction of FIG. 23 or 24, it should be 
noted that the semiconductor light-emitting device includes, 
in one of the cladding layers 2002 and 2003 (layer 2003 in the 
example of FIG. 23), or between one of the cladding layers 
2002 or 2003 (layer 2003 in the example of FIG. 24) and the 
active layer 2004, a semiconductor layer 2005 having a com 
position represented as AlGa, In, PAS, (0.8sxs1, 
OsysO.2, Osts 1) is provided in such a manner that a part of 
the layer 2005 is selectively oxidized to form oxidized 
regions 2007. 
0429. In the case of the device of FIG. 23, the active layer 
2004, having the composition of (Al Ga), In, PAS 
t1 (0sx<1, 0<C.s 1, Osts 1), is capable of emitting visible 
wavelength radiation. Further, the cladding layers 2002 and 
2003, having the lattice constant between GaP and GaAs and 
the composition represented as (AlGa.) In PAS, 
(0<ys 1, 0.5<B<1, 0<vs1), have a bandgap larger than the 
bandgap realized by a material formed on a GaAs Substrate, 
and the device of FIG. 23 is suitable for producing short wave 
optical radiation. 
0430. Further, in view of the fact that the optical 
waveguide layers 2024 and 2025 of the composition (AlGa. 
2), In, PAs (0sz<1, 0.5<y<1, 0<us 1) form an SCH 
structure together with the active layer of the composition 
(AlGa).In PAS (0sx<1, 0<C.s 1, Osts 1), the 
device of FIG. 23 can realize a wide bandgap with a reduced 
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Al content for the optical waveguide layers 2024 and 2025, 
and the electric current caused as a result of non-optical 
recombination or carriers or Surface recombination of carriers 
is reduced. As a result, the efficiency of optical emission is 
improved. In the case the device is a laser diode, the problem 
of degradation of the optical cavity edge is reduced and the 
laser diode becomes operable under high-output power con 
dition. In the construction of FIG. 23, it is also possible to 
introduce strain into the cladding layer. Further, it is possible 
to reduce the bandgap of the cladding layers as compared with 
prior art devices. 
0431. It should be noted that a mixed crystal of GalnP 
increases the lattice constant and decreases the bandgap with 
decreasing Ga content. According to the estimation by San 
dip, et al., Appl. Phys. Lett. 60, 1992, pp. 630-362 with regard 
to the band discontinuity, the band discontinuity increases 
primarily on the conduction band while there occurs no sub 
stantial change on the Valence band. More specifically, the 
change of band structure for the valence band is small even 
when the composition of the GalnP mixed crystal is changed. 
Further, there is a tendency that the conduction band energy 
increases when Al is added to a GalnP mixed crystal. At the 
same time, the Valence band energy is decreased. Thereby, the 
magnitude of change of energy is much larger in the Valence 
band than in the conduction band energy. In relation to this 
situation, there has been a drawback in a conventional semi 
conductor light-emitting device constructed on a GaAs Sub 
strate in that, while there is formed a large band discontinuity 
on the conduction band, the band discontinuity on the valence 
band is not sufficient for effective carrier confinement. 

0432. The device structure of FIG. 23 is advantageous 
with this regard in that a large band discontinuity is secured 
for the conduction band due to the decrease of the Al content 
in the optical waveguide layers 2024 and 2025. Thereby, the 
problem of electron overflowing, which has been a major 
problem in red-wavelength laser diodes of the system of 
AlGalnP, is reduced substantially. 
0433. Further, as a result of formation of the insulating 
regions 2007, caused by the selective oxidation of the layer 
2005 of AlGa, In, PAs (0.8sxs 1,0sys0.2, Osts 1) 
containing a high concentration Al, there is formed a current 
confinement structure by the insulating regions 2007 and the 
remaining part of the layer 2005 having the composition of 
AlGa, In, PAS,(0.8sxs 1,0sys0.2,0sts 1). In view 
of the fact that the selectively oxidized insulating regions 
2007 have a refractive index smaller than the refractive index 
of the remaining part of the layer 2005 of the composition 
AlGa, In, PAS,(0.8sxs 1,0sys0.2, Osts 1), there is 
a lateral diffraction index step formed in correspondence to 
the remaining part of the layer 2005, and there is formed a 
refractive-index waveguide structure that can be used for 
controlling the lateral mode. It should be noted that the part of 
the device in the vicinity of the active layer 2004 and consti 
tuting the waveguide structure is formed of a material free 
from waveguide loss. Thus, the device of the present embodi 
ment is suitable for producing a high optical output power. 
Conventionally, Such an optical waveguide structure free 
from optical loss has to be formed by repeating a number of 
crystal growth steps. In the case of the present invention, on 
the other hand, it is possible to form the desired waveguide 
structure in a single crystal growth process. 
0434 In the semiconductor light-emitting device of FIG. 
22 or FIG. 23, it should be noted that the substrate 2001 is 
formed of GaAsP and the semiconductor layer 2005 of the 
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composition represented as AlGa, In, PAS, (0.usxs1, 
OsysO.2, Osts 1) achieves lattice matching with the sub 
strate 2001. It should be noted that such a GaAsP substrate 
2001 can be formed by growing a GaPAS graded layer having 
a lattice constant between GaP and GaAs on one of a GaAs 
Substrate or a GaP Substrate by an epitaxial process such as a 
vapor phase epitaxial process with a large thickness such as 
50 um Such that the GaPAS composition changes gradually in 
the graded layer. By controlling the composition of the graded 
layer Such that the lattice constant at the top part of the graded 
layer becomes identical with the lattice constant of the het 
erojunction part (at least the cladding layer 2002), it becomes 
possible to form a heteroepitaxial system without inducing 
the problem of lattice misfit. 
0435 There is a tendency that the oxidation rate of the 
semiconductor layer 2005 of the composition AlGa, In, 
PAs (0.8sxs 1,0sys0.2,0sys1) becomes small when 
the thickness of the layer 2005 is small. Associated therewith, 
there is a possibility that the insulator regions 2007 may be 
too small for an effective current-blocking layer. In the 
present invention, in which the layer 2005 of the composition 
AlGa, In, PAS,(0.8sxs 1,0sys0.2,0sts 1) achieves 
a lattice matching with the GaAsP substrate 2001, it becomes 
possible to form the layer 2005 with a sufficient thickness. 
Thereby, a sufficient oxidation rate is secured for the layer 
2005 and the throughput of device fabrication process can be 
increased. 
0436. In the device of FIG. 22 or FIG. 23, it is possible to 
use a GaAs substrate for the substrate 2001. In this case, the 
active layer 2004 is sandwiched by semiconductor layers that 
have a lattice matching composition with GaAs. 
0437. In the case of using GaAs for the substrate 2001, it is 
possible to use AlAs for the layer 2005. In this case, however, 
there arises a problem, due to the fact that the AlAs layer 
accumulates a compressive strain of about 0.14%, that the 
active 20 layer 2004 may be subjected to an adversary effect. 
By using the composition of AlGa, In, PAS,(0.8sxs1, 
OsysO.2, Osts 1) for the semiconductor layer 2005, it is 
possible to achieve a lattice matching with the GaAs substrate 
and the effect of strain is eliminated. 

0438. In the semiconductor light-emitting device of FIG. 
22 or 23, the layer 2005 of the foregoing composition Al 
Ga, In, PAs (0.8sxs 1, 0sys0.2, Osts 1) is left 
unoxidized for the region having a width w1 as the current 
path of the device, wherein the widthw1 is set such that a ratio 
of w1 with respect to a quantity defined as the sum of the 
width w1 and the total width, represented as w2, of the oxi 
dized regions 2007 (w1/(w1+w2)) is equal to or smaller than 
0.6. When the foregoing ratio is larger than 0.6, the light 
emission can be caused in the region close to the edge of a 
ridge structure, provided that such a ridge structure is formed 
in the device as represented by a broken line in FIG. 22 or 23. 
Thereby, there can occur a waveguide loss as a result of 
fluctuation of the edge width. When the foregoing ratio w1/ 
(w1+w2) is smaller, the effect of the edge width fluctuation is 
reduced and the device can operate with a larger optical 
output power. 

Fifteenth Embodiment 

0439 FIG. 24 shows the construction of a semiconductor 
light-emitting device according to a fifteenth embodiment of 
the present invention, wherein those parts corresponding to 
the parts described previously with reference to FIGS. 22 and 
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23 are designated by the same reference numerals and the 
description thereof will be omitted. 
0440 Referring to FIG. 24, the semiconductor light-emit 
ting device of the present embodiment has a construction 
similar to that of the device of FIG.22 or 23, except that there 
is formed a ridge structure 2009 having a width das a part of 
the cladding layer 2003 locating above the semiconductor 
layer 2005 of the composition represented as AlGa, In, 
PAs (0.8sxs 1, 0sys0.2, Osts 1). In the illustrated 
example, the width d of the ridge structure 2009 is set equal to 
or larger than 10 Jum. 
0441. In the construction of FIG.24, in view of the fact that 
there is provided the selectively oxidized regions 2007 under 
neath the ridge structure 9, the ridge structure 9 itself can be 
formed with an increased with without deteriorating the cur 
rent confinement taking place in the device. Because of the 
increased size of the ridge structure 9, it is possible to form a 
electrode thereon with large contact area, without providing a 
thermally insulating dielectric film. Thereby, the differential 
resistance of the device is minimized. Further, the structure is 
Suitable for employing a junction-down mounting structure. 
In this case, the heat of the device is easily dissipated to a 
mounting substrate on which the device of FIG.24 is flip-chip 
mounted. 

Sixteenth Embodiment 

0442 FIG. 25 shows the construction of a light-emitting 
semiconductor device according to a sixteenth embodiment 
of the present invention, wherein those parts corresponding to 
the parts described previously are designated by the same 
reference numerals and the description thereof will be omit 
ted. 
0443) Referring to FIG. 25, the light-emitting semicon 
ductor device has a construction similar to the device of FIG. 
24 except that there is provided an etching stopper layer 2029 
having a composition represented as Ga, In, PAS,(0<ys 1, 
Osts 1) underneath the semiconductor layer 2005 of the 
composition AlGa, In, PAs (0.8sxs 1, 0sys0.2, 
Osts 1). By providing the etching stopper layer 2029, it 
becomes possible to control the height of the ridge structure 
2009 exactly. Thereby, the fabrication of the semiconductor 
device is substantially facilitated. 
0444. In any of the foregoing embodiments of FIGS. 
22-25, the layer 2005 of the composition AlGa, In, PAs, 
(0.8sXs 1,0sys0.2, Osts 1) may actually have a compo 
sition of AlPAS (Osts 1). In this case, Al is the only group 
III elements constituting the layer 2005. In view of the 
increased oxidation rate of the AlGalnPAS system, which is 
extremely sensitive to the Al content therein, it becomes 
possible to reduce the time needed for fabricating the semi 
conductor light-emitting device by using the AlPAs for the 
semiconductor layer 2005. In the case other layers, such as the 
cladding layer, contain Al with high concentration in view of 
the need of increasing the bandgap. Such layer may also be 
oxidized together with the layer 2005 when the Al content in 
the layer 2005 is close to the Al content in such a widegap 
layer. Thus, the use of the AlPAS (Osts 1) composition is 
advantageous for forming a current-blocking structure by 
way of selective oxidation. 

Sixteenth Embodiment 

0445 FIG. 26 shows the construction of a semiconductor 
light-emitting device according to a seventeenth embodiment 
of the present invention. 
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0446. Referring to FIG. 26, the semiconductor light-emit 
ting device has a structure similar to that of the device of FIG. 
23 or FIG. 24 in that the active layer 2004 is vertically sand 
wiched by the cladding layers 2002 and 2003. 
0447. In the structure of FIG. 26, it should be noted that a 
part of the cladding layer 2003 includes a layer 2015 of 
AlGainAS having a composition represented as AlGa, In, 
As (0.8sxs 1,0sys0.2), and a part of the layer 2015 is 
oxidized selectively to form a pair of insulator regions 2017, 
such that the insulator regions 2017 laterally sandwich an 
unoxidized region of the layer 2015 therebetween with the 
width of w1. Thereby, the width w1 is set such that the ratio 
w1/(w1+w2) is equal to or smaller than 0.6. 
0448. In the present embodiment, too, it should be noted 
that the materials in the vicinity of the active layer 2004 are 
free from optical absorption with regard to the wavelength of 
the optical radiation produced as a result of laser oscillation, 
and the semiconductor light-emitting device can be produce a 
large output optical power. 
0449 Similarly to the embodiment of FIG.22 or 23, there 
arises the problem of optical waveguide loss in the structure 
of FIG. 26 when the foregoing ratio w1/(w1+w2) is larger 
than 0.6 due to the fluctuation of edge width of the ridge 
structure, provided that a ridge structure is formed on the 
cladding layer 2003 as represented by a broken line in FIG. 
26. By setting the ratio w1/(w1+w2) to be equal to or smaller 
than 0.6, the forgoing problem of optical waveguide loss is 
successfully eliminated. 

Eighteenth Embodiment 

0450 FIG. 27 shows the construction of a semiconductor 
light-emitting device according to an eighteenth embodiment 
of the present invention, wherein those parts corresponding to 
the parts described previously are designated by the same 
reference numerals and the description thereof will be omit 
ted. 

0451 Referring to FIG. 27, the semiconductor light-emit 
ting device has a structure similar to the device of FIG. 24 in 
that the ridge structure 2009 is formed on the structure of FIG. 
26. Thereby, the ridge structure 2009 is formed so as to cover 
the semiconductor layer 2015 including the insulator regions 
2017 with a width d set such that the width d exceeds 10 um. 
0452. In the present embodiment in which the semicon 
ductor layer 2015 is free from P. an effective current confine 
ment is achieved. Thus, it becomes possible to increase the 
width d of the ridge structure 2009 and a large contact area is 
secured for the electrode provided on the ridge structure 
2009. Further, in view of the fact that use of insulating film is 
not necessary in the device of the present embodiment, the 
differential resistance of the device is reduced. In view of the 
increased electrode area, the structure of FIG. 27 is suitable 
for flip-chip mounting on a Support Substrate, wherein such a 
flip-chip mounting is advantageous due to improved effi 
ciency of heat dissipation. 

Nineteenth Embodiment 

0453 FIG. 28 shows the construction of a semiconductor 
light-emitting device according to a nineteenth embodiment 
of the present invention, wherein the device of FIG. 28 is 
actually a laser diode having an SCH-QW structure. 
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0454 Referring to FIG. 28, the laser diode is constructed 
on a GaAs offset-substrate 2111 having an inclined principal 
surface inclined from the (100) surface in the 110 direction 
with an offset angle of 2. 
0455 On the substrate 2111, there is formed a composi 
tion-graded layer 2112 of n-type GaPAs by a vapor phase 
epitaxial process such that the P content increases gradually 
from 0 to 0.4. Thus, the GaPAs composition-graded layer 
2112 has a composition of GaPoAso on the top part thereof. 
On the composition-graded layer 2112, a GaPAs layer 2113 
having the foregoing composition of GaPAS is formed 
such that the total thickness of the layers 2112 and 2113 
becomes about 50 lum. The layers 2112 and 2113 form, 
together with the GaAs substrate 2111, a GaPAS epitaxial 
substrate 2101. Alternatively a GaP substrate may be used in 
place of the GaAs substrate 2111. Generally, a GaPAs sub 
strate includes an epitaxial layer of GaPAs on a GaAs or GaP 
substrate with a thickness of 30 um or more. At the surface of 
the GaPAs layer, the lattice misfit is sufficiently relaxed, and 
thus, the substrate 2101 formed of the GaAs substrate 2111 
and the GaPAs layers 2112 and 2113 can be regarded as a 
single GaPAS ternary substrate. 
0456. On the GaPAs substrate 2101, a cladding layer 2102 
of n-type A1GanPAS having a composition represented as 
(Al, Ga).In PAs (y=0.5, 3–0.8, v=0.85) is formed by 
an MOCVD process with a thickness of 1 Lum, wherein the 
cladding layer contains AS and has the composition set So as 
to achieve lattice matching with the GaPAS substrate 
2101. 

0457. On the cladding layer 2102, there is formed an opti 
cal waveguide layer 2114 of p-type AlGalnPAS having a 
composition represented as (Al Ga), In, PAS (Z 0.1, 
Y=0.7, u=1) by an MOCVD process with a thickness of 0.1 
um, and a single quantum-well active layer 2104 of AlGan 
PAS is formed on the optical waveguide layer 2114 with a 
thickness of 25 nm by an MOCVD process with a composi 
tion represented as (AlGa). In PAS (X=0, C. 0.65, 
t=0.9), wherein the composition of the active layer 2104 is 
selected so as to accumulate a compressive strain therein. 
0458. Further, an optical waveguide layer 2115 of p-type 
AlGalnPAS having a composition represented as (AlGa) 
In PAs (z=0.1, Y=0.7, u=1) is formed on the active layer 
2104 by an MOCVD process with a thickness of 0.1 um, and 
a first p-type cladding layer 2103 of p-type A1GalnPAS is 
formed on the optical waveguide layer by an MOCVD pro 
cess with a thickness of 0.1 um and a composition represented 
as (Al, Ga).In PAS (y=0.5, 3–0.8, V-0.85). 
0459. On the first p-type cladding layer 2103, there is 
formed a layer 2105 of p-type AlGalnPAs layer by an 
MOCVD process with a thickness of 50 nm such that the layer 
2105 has a composition represented as AlGa, In, PAS, 
(x=1, y=0, t-0.4), wherein this composition is actually rep 
resented as AlPo Aso. 
0460. Further, a second p-type cladding layer 2106 is 
formed on the AlPAS layer 2105 by an MOCVD process with 
a thickness of about 0.9m, wherein the p-type cladding layer 
2106 has a composition represented as (Al, Ga.) In-P- 
As (y=0.5, B=0.8, v=0.85). Further, a buffer layer 2116 of 
p-type GalnP having a composition represented as Gao,Inc. 
3P and a contact layer 2117 of p-type GaPAS having a com 
position represented as GalPo Aso are grown consecutively 
on the second p-type cladding layer 2106 with respective 
thicknesses of 0.1 um and 0.2 nm. 
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0461. In the foregoing layered structure, it should be noted 
that the layers 2102.2103, 2114, 2115 and 2105 have respec 
tive compositions chosen so as to achieve a lattice matching 
with the GaPAs substrate 2101. During the MOCVD process 
for forming the layered structure, TMG, TMI. TMA, AsFH 
and PH may be used for the gaseous source together with a 
carrier gas of H2. 
0462. After the formation of the layered structure, a pho 
tolithographic patterning process is applied so as to remove a 
part of the layered structure in correspondence to a stripe 
region, until the AlPAS layer 2105 of the composition AlP. 
4Aso is removed and the underlying cladding layer 2103 is 
exposed. As a result of the photolithographic patterning pro 
cess, there is formed a ridge stripe structure 2109 such that the 
ridge stripe structure 2109 extends in an axial direction of the 
laser diode. 
0463. After formation of the ridge stripe structure 2109, 
the half-product of the laser diode thus obtained is subjected 
to an oxidation process conducted in a water vapor atmo 
sphere at 450° C., and there are formed oxidized regions 2107 
such that each of the oxidized regions 2107 penetrates into the 
ridge structure 2109 from a lateral side of the ridge stripe 
structure 2109 with a depth of 1.5um. Thereby, there remains 
a central, non-oxidized region of the layer 2105 with a width 
of about 3 um, wherein the unoxidized region form a current 
confinement structure together with the oxidized regions 
2107 acting as a current-blocking region. As a result of for 
mation of the current-blocking structure in the layer 2105, a 
light-emission takes place in correspondence to the region 
right underneath the unoxidized region of the AlPAs layer 
2105. In the foregoing construction, it should be noted that the 
ratio of the unoxidized region of the layer 2105 to the width of 
the ridge stripe structure is about 0.5. 
0464 After forming the oxidized regions 2107 by the 
selective oxidizing process, an SiO, film 2118 is deposited so 
as to cover the ridge structure, and a window is formed in 
correspondence to the ridge top surface. Further, a p-type 
electrode 2119 is deposited on the SiO film 2118 in contact 
with the contact layer 2117 at the contact window. 
0465. The GaAs substrate 2111 is then subjected to a 
polishing process at the bottom surface thereof such that the 
thickness of the substrate 2111 becomes 100 um, and an 
n-type electrode 120 is deposited on the polished bottom 
surface of the GaAs substrate 2111. 
0466 According to the present embodiment, a laser diode 
oscillating at the wavelength of 660 nm is obtained. 
0467. As a result of the selective oxidation of the AlGaln 
PAs layer 2105 containing Al with high concentration, a part 
of the layer 2105 is converted into insulator in correspon 
dence to the regions 2107, and the oxidized regions 2107 form 
the desired current-confinement structure together with the 
central unoxidized region of the A1GalnPAs layer 2105. 
0468. In view of the fact that the oxidized regions 2107 of 
the AlGanPAs layer 2105, having a composition generally 
represented as AlGa, In, PAS, (0.8sxs 1, 0sys0.2, 
Osts 1), has a refractive index smaller than a refractive index 
of the layer 2105 itself, there is formed a refractive index 
profile in the layer 2105 and the refractive index profile forms 
a real-refractive index waveguide structure effective for lat 
eral mode control. For example, it is possible to control the 
lateral mode of laser oscillation by optimizing the distance 
between the active layer 2104 and the layer 2105 of AlGain 
PAS of the foregoing general composition of AlGa, In, 
PAs (0.8sxs 1,0sys0.2, Osts 1). 
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0469 Inview of the fact that the laser diode uses a material 
free from optical absorption in the wavelength range corre 
sponding to the oscillation wavelength of the laser diode, for 
the part in the vicinity of the active layer 2104. Thereby, the 
laser diode can produce a large optical output power. 
0470. In the fabrication process of the laser diode of FIG. 
28, it should be noted only a single regrowth process is nec 
essary for forming the desired current-confinement structure 
including the ridge stripe structure. In conventional laser 
diodes having a buried heterostructure, formation such a cur 
rent-confinement structure requires a number of regrowth 
process steps. Thus, the fabrication process of the laser diode 
is simplified in the present embodiment and the fabrication of 
the laser diode is facilitated. Associated with this, the yield of 
production of the laser diode is improved. 
0471. In the construction of FIG.28, it should be noted that 
the off-angle of the GaPAS. Substrate 101 is Small. As 
noted previously, the off-angle of only 2 is used in the con 
struction of FIG. 28. Thereby, the present embodiment suc 
cessfully avoids the problem of hillock formation, which is 
frequently observed in an AlGalnP layer grown by an 
MOCVD process on a substrate such as GaP. GaAs or GaP. 
5AS, for the case in which the Substrate has a small off 
angle. It should be noted that this tendency of hillock forma 
tion becomes conspicuous when the Al content is increased. 
In the case of the laser diode having a structure as shown in 
FIG. 28, the effect of the hillock formation on the device 
performance can become serious in view of the use of large 
thickness for the cladding layers. 
0472. In the present embodiment, the problem of hillock 
formation is Successfully avoided by introducing AS into the 
layer of AlGalnP. By incorporating As, the droplet formation 
of Al or Ga during the MOCVD process of the AlGanPlayer 
is suppressed. Thereby, the hillock formation is successfully 
Suppressed even in Such a case the off-angle of the Substrate 
2101 is set small. 
0473. The laser diode of FIG.28 has another advantageous 
feature in that Al content can be reduced as compared with a 
conventional material formed on a GaAs substrate while 
maintaining the same bandgap. For example, the Alcontentin 
the optical waveguide layers 2114 and 2115 is reduced as 
compared with a conventional optical waveguide layer, and 
the current associated with non-optical recombination of car 
riers is reduced. Thereby, the efficiency of light-emission is 
improved. Further, in view of the fact that the surface recom 
bination current is also reduced and the degradation of optical 
cavity edge surface is reduced at the same time, the output 
power of the laser diode can be increased as compared with a 
conventional laser diode. Thus, the laser diode of the present 
embodiment can be used for a high-power red-wavelength 
laser diode under a high temperature environment. 
0474. In the laser diode of FIG. 28, it should be noted that 
the active layer 2004 of the single quantum well structure can 
be replaced with a multiple quantum well structure. In this 
case, the quantum well layer repeated alternately together 
with a barrier layer having a composition represented as 
(Al2Ga1-2)-2In 1-2P2AS 1-2 (0sX-1, 0.5<C.<1, 
Osts 1). It should be noted that the optical waveguide layers 
2114 and 2115 may contain As. 
0475. In the present embodiment, it should be noted that 
the to-be-oxidized layer 2105 of p-type AlGa, In, PAs, 
(x=1, y=0 and t=0.4) may be replaced with a p-type AlAs 
layer. In this case, the compositional parametersy and tare set 
to Zero (y=t=0) while the compositional parameter X is set to 
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one (x=1). When this composition is used, the layer 2105 
accumulates a compressive strain of about 1.4%. Thus, there 
is a limitation in the thickness of the layer 2105 and the layer 
2105 is formed to have a thickness of about 20 nm. It was 
found that the oxidation rate of an AlAs layer is larger than the 
oxidation rate of an AlPAs layer of the same thickness but 
contains P. The growth of a binary mixed crystal layer of AlAs 
is much easier than growing a ternary mixed crystal layer of 
AlPAS. 

Twentieth Embodiment 

0476 FIG. 29 shows the construction of a semiconductor 
optical device according to a twentieth embodiment of the 
present invention, wherein the device of FIG. 29 is actually a 
laser diode having an SCH-MOW structure. 
0477 Referring to FIG. 29, the laser diode is constructed 
on a GaAs offset-substrate 2131 having an inclined principal 
surface inclined from the (100) surface in the 110 direction 
with an offset angle of 2. 
0478. On the substrate 2131, there is formed a composi 
tion-graded layer 2132 of n-type GaPAs by a vapor phase 
epitaxial process such that the P content increases gradually 
from 0 to 0.4. Thus, the GaPAs composition-graded layer 
2132 has a composition of GaPoa Aso on the top part thereof. 
On the composition-graded layer 2132, a GaPAs layer 2133 
having the foregoing composition of GaPAS is formed 
such that the total thickness of the layers 2132 and 2133 
becomes about 90 pum. The GaPAs layers 2132 and 2133 form 
a GaPAS substrate 2121 together with the GaAs substrate 
2131. 
0479. On the GaPAs substrate 2121, a cladding layer 2122 
of n-type A1GanPAS having a composition represented as 
(Al, Ga).In PAs (y=0.5, 3–0.8, v=0.85) is formed by 
an MOCVD process with a thickness of 1 Lum, wherein the 
cladding layer contains AS and has the composition set So as 
to achieve lattice matching with the GaPAS substrate 
2121. 
0480. On the cladding layer 2122, there is formed an opti 
cal waveguide layer 2134 of p-type AlGalnPAS having a 
composition represented as (AlGa), In, PAS (Z-0, 
Y=0.7, u=1) by an MOCVD process with a thickness of 0.1 
um, and a quantum-well layer of AlGanPAS having thickness 
of about 10 nm and a composition represented as (AlGa) 
In AS (X=0, C. 0.65, t-0.9) and a barrier layer of 
AlGanPAS having a thickness of 10 nm and a composition 
represented as (AlGa), In, PAs (Z-0, Y=0.7, u-1) are 
repeated alternately on the optical waveguide layer 2134 to 
form an active layer 2124 of a multiple quantum well struc 
ture, wherein the composition of the quantum well layer is 
selected so as to accumulate a compressive strain therein. 
0481 Further, an optical waveguide layer 2135 of p-type 
AlGanPAS having a composition represented as (AlGa) 
In PAs (z=0.1, Y=0.7, u=1) is formed on the active layer 
2124 with a thickness of 0.1 um, and a first p-type cladding 
layer 2123 of p-type AlGalnPAS is formed on the optical 
waveguide layer 2135 with a thickness of 0.1 um and a com 
position represented as (Al, Ga.) In PAS (y-0.5, 3–0. 
8, v=0.85). 
0482. On the first p-type cladding layer 2123, there is 
formed a layer 2125 of p-type AlGalnPAs layer with a thick 
ness of 50 nm such that the layer 2125 has a composition 
represented as AlGa, In, PAS, (X-1, y–0, t-0.4), 
wherein this composition is actually represented as AlPo. 
4A Solo. 
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0483. Further, a second p-type cladding layer 2126 is 
formed on the AlPAs layer 2125 with a thickness of about 0.9 
um, wherein the p-type cladding layer 2126 has a composi 
tion represented as (Al, Ga.) In PAS (y=0.5, 3–0.8. 
v=0.85). Further, a buffer layer 2136 of p-type GainPhaving 
a composition represented as Gao, Ino P and a contact layer 
2137 of p-type GaPAS having a composition represented as 
GaPAS are grown consecutively on the second p-type 
cladding layer 2126 with respective thicknesses of 0.1 um and 
0.2 nm. 
0484. In the foregoing layered structure, it should be noted 
that the cladding layers 2122, 2123 and 2126, the optical 
waveguide layers 2134 and 2135, and the layer 2125 achieve 
a lattice matching with the GaPAs substrate 2121. 
0485 Next, the layered structure thus obtained is sub 
jected to a photolithographic patterning process to form a 
central ridge Stripe structure, wherein the ridge Stripe struc 
ture used in the embodiment of FIG. 29 has an increased 
width of 50 Lum as compared with the previous embodiment of 
FIG. 28. Thereby, the etching process is continued until the 
cladding layer 2123 underneath the layer 2125 is exposed. 
Further, an oxidation process is conducted in a water vapor 
atmosphere at the temperature of 450° C. to cause an oxida 
tion in the AlPa Aso layer 2125. Thereby, the oxidation 
starts at the exposed edge of the layer 2125 and proceeds to 
the interior of the ridge stripe structure along the layer 2125. 
and a pair of oxidized regions 2127 are formed as a result such 
that each oxidized region 2127 extends into the interior of the 
ridge stripe structure from a side wall thereof along the layer 
2125 with a distance of about 22.5um. Thereby, a region of 
unoxidized AlPAs layer 2125 is left at the center of the two 
oxidized regions 2127 with a width of 5 um, wherein this 
unoxidized region provides the current path of the drive cur 
rent. On the other hand, the oxidized regions 2127 function as 
a current-blocking regions and there is formed a current 
confinement structure in the ridge Stripe structure by the 
unoxidized part of the AlPAs layer 2125 and the oxidized 
regions 2127. In correspondence to the injection of the drive 
current via the unoxidized part of the layer 2125, there occurs 
a light emission right underneath the unoxidized part of the 
layer 2125. In the present embodiment, the ratio of the width 
of the unoxidized part to the entire width of the ridge stripe 
structure is about 0.1. 
0486. After formation of the ridge stripe structure, the 
lateral sides of the ridge stripe structure are filled with a 
polyimide as represented by regions 2128 and a p-type elec 
trode 2138 is formed on the top part of such a planarized 
structure in contact with the contact layer 2137. Further, the 
bottom surface of the GaAs substrate 2131 is polished to a 
thickness of 100 um, and an n-type electrode 2139 is formed 
on Such a polished bottom surface. 
0487. According to the construction of FIG. 29, a laser 
diode oscillating at the wavelength of 650 nm is obtained. 
0488. As a result of the selective oxidation of the AlGaln 
PAs layer 2125 containing Al with high concentration, a part 
of the layer 2125 is converted into insulator in correspon 
dence to the regions 2127, and the oxidized regions 2127 form 
the desired current-confinement structure together with the 
central unoxidized region of the A1GalnPAs layer 2125. 
0489. In view of the fact that the oxidized regions 2127 of 
the A1GalnPAs layer 2125, having a composition generally 
represented as AlGa, In, PAS, (0.8sx1, 0sys0.2, 
Osts 1), has a refractive index smaller than a refractive index 
of the layer 2125 itself, there is formed a refractive index 
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profile in the layer 2125 and the refractive index profile forms 
a real-refractive index waveguide structure effective for lat 
eral mode control. For example, it is possible to control the 
lateral mode of laser oscillation by optimizing the distance 
between the active layer 2124 and the layer 2125 of AlGain 
PAs of the foregoing general composition of AlGa, In, 
PAs (0.8sxs 1,0sys0.2, Osts 1). 
0490. As the waveguide structure is formed inside the 
ridge stripe with a sufficient distance from the side wall of the 
ridge stripe structure, the laser diode of the present embodi 
ment Successfully minimizes the waveguide loss associated 
with the fluctuation of the edge width. 
0491. In the fabrication process of the laser diode of FIG. 
29, it should be noted only a single regrowth process is nec 
essary for forming the desired current-confinement structure 
including the ridge Stripe structure. In conventional laser 
diodes having a buried heterostructure, formation such a cur 
rent-confinement structure requires a number of regrowth 
process steps. Thus, the fabrication process of the laser diode 
is simplified in the present embodiment and the fabrication of 
the laser diode is facilitated. Associated with this, the yield of 
production of the laser diode is improved. 
0492 Further, in view of the fact that the laser diode of 
FIG. 29 uses a wide ridge stripe structure having a width of 50 
um, and thus, a wide contact area is secured on the ridge Stripe 
structure, it is possible to dissipate heat efficiently via the 
contact area. Thereby, the differential resistance of the laser 
diode device is minimized. 
0493. Further, it should be noted that the optical 
waveguidelayers 2314 and 2135 and the active layer 2124 are 
free from Al in the laser diode of the present embodiment. 
Referring back to FIG. 6 showing the relationship between 
the bandgap and the lattice constant for the composition of 
(AlosGaos).InsP, which is widely used in a visible laser 
diode of the A1GalnP system constructed on a GaAs sub 
strate, it can be seen that the same bandgap is realized by a 
Gao, InP composition that achieves a lattice matching with 
the GaPAS substrate 2101. Thus, the present invention 
Successfully uses the Gao, InP composition for the optical 
waveguide layers 2134 and 2135 and minimizes the non 
optical recombination of carriers, which is caused in relation 
to the existence of Al. Thereby, the laser diode of the present 
embodiment can produce a large output power. The present 
embodiment provides a red-wavelength laser diode operable 
under high temperature environment with a large output opti 
cal power. 

Twenty-First Embodiment 

0494 FIG. 30 shows the construction of a semiconductor 
optical device according to a twenty-first embodiment of the 
present invention, wherein those parts corresponding to the 
parts described previously are designated by the same refer 
ence numerals and the description thereof will be omitted. 
0495 Referring to FIG. 30, the optical semiconductor 
device is a laser diode and has a structure similar to that 
described with reference to FIG. 29, except that an etching 
stopper layer 2129 of GalnPAS having a composition repre 
sented as Ga, In, PAS, (0<ys 1, Osts 1) is interposed 
between the to-be-oxidized layer 2125 and the substrate 
2121. In fact, the etching stopper layer 2129 is provided right 
underneath the to-be-oxidized layer 2125. It should be noted 
that a III-V material having a high Al concentration or P 
concentration can be etched effectively by a hydrochloric 
acid etchant, while a material containing AS with high con 
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centration resists against the etching process. Thus, the layer 
2129 of the composition Ga, In, PAs (0<ys 1, Osts 1) 
can be used as an etching stopper. 
0496 With the use of the etching stopper layer 2129, the 
etching process for forming the ridge Stripe structure is con 
trolled easily, and the yield of production of the laser diode is 
improved. Otherwise, the laser diode of the present embodi 
ment is similar to the laser diode described with reference to 
FIG. 30. 

Twenty-Second Embodiment 

0497 FIG. 31 shows the construction of a laser diode 
according to a twenty-second embodiment of the present 
invention. 
0498 Referring to FIG. 31, the laser diode is constructed 
on a GaAs offset-substrate 2141 having an inclined principal 
surface inclined from the (100) surface in the 110 direction 
with an offset angle of 15°. 
0499. On the GaPAs substrate 2141, a cladding layer 2142 
of n-type A1GanPAS having a composition represented as 
(Al, Ga.) InP (y=0.5, 3–0.8) is formed by an MOCVD 
process with a thickness of 1 Jum, and an optical waveguide 
layer 2154 of AlGalnPAS having a composition represented 
as (AlGa), In, P(Z-0.5, Y=0.7) is formed on the cladding 
layer 2142 by an MOCVD process with a thickness of 0.1 um. 
Further, a quantum-well layer of AlGalnPAS having a thick 
ness of about 10 nm is formed on the optical waveguide layer 
2154 with a composition represented as (AlGa), InP 
(X-0, C-0.65), wherein the composition of the quantum well 
layer is selected so as to accumulate a compressive strain 
therein. 
0500 Further, an optical waveguide layer 2155 of p-type 
AlGalnPAS having a composition represented as (AlGa) 
InP (z=0.1, Y=0.7) is formed on the active layer 2124 with 
a thickness of 0.1 um, and a first p-type cladding layer 2143 of 
p-type AlGalnPAS is formed on the optical waveguide layer 
2155 with a thickness of 0.1 um and a composition repre 
sented as (Al, Ga.) In-P (y–07, f-0.5). 
0501. On the first p-type cladding layer 2143, there is 
formed a layer 2145 of p-type AlGalnPAs layer with a thick 
ness of 50 nm such that the layer 2145 has a composition 
represented as AlGa, In, PAs, (x=1, y=0, t-0.037), 
wherein this composition is actually represented as AlP. 
037ASo.963. 
0502. Further, a second p-type cladding layer 2146 is 
formed on the AlPAs layer 2145 with a thickness of about 0.9 
um, wherein the p-type cladding layer 2146 has a composi 
tion represented as (Al, Ga.) In-P(y–0.7, f-0.5). Further, 
a buffer layer 2146 of p-type GalnP having a composition 
represented as Gaos InsP and a contact layer 2157 of p-type 
GaAs are grown consecutively on the second p-type cladding 
layer 2146 with respective thicknesses of 0.1 um and 0.2 nm. 
0503. In the foregoing layered structure, it should be noted 
that the cladding layers 2142. 2143 and 2146, the optical 
waveguide layers 2154 and 2155, and the layer 2145 achieve 
a lattice matching with the GaAs substrate 2141. 
0504 Next, the layered structure thus obtained is sub 
jected to a photolithographic patterning process to form a 
central ridge Stripe structure, wherein the ridge Stripe struc 
ture used in the embodiment of FIG.31 has a width of 50 um. 
Thereby, the etching process of the photolithographic pat 
terning process is continued until the cladding layer 2143 
underneath the layer 2145 is exposed. Further, an oxidation 
process is conducted in a water vapor atmosphere at the 
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temperature of 450° C. to cause an oxidation in the AlP. 
O37Asoo layer 2145. Thereby, the oxidation starts at the 
exposed edge of the layer 2145 and proceeds to the interior of 
the ridge Stripe structure along the layer 2145, and a pair of 
oxidized regions 2147 are formed as a result such that each 
oxidized region 2147 extends into the interior of the ridge 
stripe structure from a side wall thereof along the layer 2145 
with a distance of about 22.5um. Thereby, a region of unoxi 
dized AlPAs layer 2145 is left at the center of the two oxidized 
regions 2147 with a width of 5um, wherein this unoxidized 
region provides the current path of the drive current. On the 
other hand, the oxidized regions 2147 function as a current 
blocking regions and there is formed a current-confinement 
structure in the ridge stripe structure by the unoxidized part of 
the AlPAs layer 2145 and the oxidized regions 2147. In cor 
respondence to the injection of the drive current via the unoxi 
dized part of the layer 2145, there occurs a light emission right 
underneath the unoxidized part of the layer 2145. In the 
present embodiment, the ratio of the width of the unoxidized 
part to the entire width of the ridge stripe structure is about 
O.1. 
0505. After formation of the ridge stripe structure, the 
lateral sides of the ridge stripe structure are filled with a 
polyimide as represented by regions 2148 and a p-type elec 
trode 2158 is formed on the top part of such a planarized 
structure in contact with the contact layer 2157. Further, the 
bottom surface of the GaAs substrate 2141 is polished to a 
thickness of 100 um, and an n-type electrode 2159 is formed 
on Such a polished bottom surface. 
0506. In the embodiment of FIG. 31, too, a similar advan 
tageous effect as the device describe previously is obtained. 
In the device of the present embodiment constructed on the 
GaAs substrate 2141, an adversary effect is expected when an 
AlAs layer is used for the to-be-oxidized layer 2145 due to the 
lattice misfit of as much as about 0.14%. The present embodi 
ment successfully avoids such an adversary effect by using an 
AlGalnPAs layer containing P with the composition repre 
sented as AlGa, In, PAS, (0.8sxs 1, 0<ts 1) for the 
layer 2145. By incorporating Pinto the layer 2145, it becomes 
possible to achieve a lattice matching with the GaAs substrate 
2141 and the adversary effect associated with the strain in the 
layer 2145 is eliminated. 

Twenty-Third Embodiment 

0507 FIG. 32 shows the construction of a semiconductor 
light-emitting device according to a twenty-third embodi 
ment of the present invention, wherein those parts corre 
sponding to the parts described previously are designated by 
the same reference numerals and the description thereof will 
be omitted. 
0508 Referring to FIG. 32, the laser diode has a construc 
tion similar to that of the laser diode of FIG. 31 except that an 
AlAs layer 2165 of p-type is provided in place of the AlGain 
PAs layer 2145. 
0509. As a result of the selective oxidation of the AlAs 
layer 2165 containing Al with high concentration, a part of the 
layer 2165 is converted into insulator in correspondence to 
regions 2167, and the oxidized regions 2167 form the desired 
current-confinement structure together with the central 
unoxidized region of the AlAs layer 2165. 
0510. In view of the fact that the oxidized regions 2167 of 
the AlAs layer 2165 has a refractive index smaller than a 
refractive index of the layer 2165 itself, there is formed a 
refractive index profile in the layer 2165 and the refractive 
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index profile forms a real-refractive index waveguide struc 
ture effective for lateral mode control. For example, it is 
possible to control the lateral mode of laser oscillation by 
optimizing the distance between the active layer 2144 and the 
layer 2165 of AlAs. 
0511. As the waveguide structure is formed inside the 
ridge stripe with a sufficient distance from the side wall of the 
ridge stripe structure, the laser diode of the present embodi 
ment Successfully minimizes the waveguide loss associated 
with the fluctuation of the edge width. 
0512. In the fabrication process of the laser diode of FIG. 
32, it should be noted only a single regrowth process is nec 
essary for forming the desired current-confinement structure 
including the ridge stripe structure. In conventional laser 
diodes having a buried heterostructure, formation such a cur 
rent-confinement structure requires a number of regrowth 
process steps. Thus, the fabrication process of the laser diode 
is simplified in the present embodiment and the fabrication of 
the laser diode is facilitated. Associated with this, the yield of 
production of the laser diode is improved. 
0513. Further, in view of the fact that the laser diode of 
FIG.32 uses a wide ridge stripe structure having a width of 50 
um, and thus, a wide contact area is secured on the ridge Stripe 
structure, it is possible to dissipate heat efficiently via the 
contact area. Thereby, the differential resistance of the laser 
diode device is minimized. 
0514 Thus, the present embodiment enables a semicon 
ductor light-emitting device having a current-confinement 
structure and capable of lateral mode control by a simple 
fabrication process. 
0515 While the description has been provided so far with 
reference to a laser diode, the semiconductor light-emitting 
device of FIGS. 22-32 may also be a light-emitting diode 
(LED). According to the present invention, a visible LED of 
high-luminosity and having an excellent temperature charac 
teristic can be obtained. 

Twenty-Fourth Embodiment 
0516 FIG.33 shows a construction of the layer 2125 used 
in a laser diode according to a twenty-fourth embodiment of 
the present invention. 
0517 Referring to FIG. 33, the laser diode of the present 
embodiment has a construction described already with refer 
ence to FIG. 29 or FIG. 30, except that the layer 2125 is 
formed of an alternate Stacking of an AlAs layer having a 
thickness of 5 nm and a layer having a lattice constant 
between GaP and GaAs. In the illustrated example, the latter 
layer is an AlPAS layer having a composition of AlPAs. 
and a thickness of 1 nm, wherein the AlPAso achieves a 
lattice matching with the GaPAS. Substrate 2121. By 
repeating the AlAs layer and the AlPo Aso layer (four times 
in the illustrated example), there is formed a superlattice 
structure in the layer 2125. While the AlAs layer has a lattice 
strain of about 1.4% with respect to the AlPo Aso Substrate 
2111, the AlAs layer can be grown on the substrate 2111 
without lattice relaxation due to the small thickness (5 nm). 
0518. With increasing thickness of the layer 2125, the 
oxidation rate of the layer 2125 increases. 
0519 Further, the oxidation rate increases with increasing 
Al content. Thereby, the lateral extent of the oxidized region 
2127 is represented as being proportional to the square root of 
the duration of the oxidation process. Further, it turned out 
that the oxidation proceeds faster in the mixed crystal of 
AlPAs that contains P than in the mixed crystal of AlAs. Thus, 
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it is preferable to use a mixed crystal of AlAsP having a 
composition close to AlAs or AlAs itself for the layer 2125 in 
order to reduce the duration for the oxidation process. 
0520. In the case the GaPAS substrate 2121 is used for 
the substrate of the laser diode, it should be noted that the 
AlAs layer accumulates a lattice strain of 1.4%. Thus, it is 
necessary to limit the thickness of the AlAs layer to be smaller 
than a critical thickness above which lattice relaxation takes 
place. On the other hand, such a restriction of thickness of the 
AlAs layer decreases the oxidation rate. On the other hand, 
the construction of FIG. 33, in which a number of AlAs 
layers, each having a thickness Smaller than the critical thick 
ness of the AlAs layer, are stacked repeatedly and alternately 
with an intervening layer, is effective for preventing lattice 
relaxation and for realizing a Sufficient oxidation rate. 
0521 FIG. 34 shows the result of an experiment con 
ducted by the inventor of the present invention. 
0522. In the experiment, the structure of FIG.33 is used 
and a layer identical in composition with the p-type cladding 
layer 2123 is grown thereon with a thickness of 0.2 Lum. Next, 
the cladding layer 2123 thus formed is patterned until the 
etching stopper layer 2129 (see FIG. 30) is exposed, and a 
ridge stripe structure is formed with a width of 40 um. 
0523 The structure thus formed is subjected to a selective 
oxidation process at 460° C. for 10 minutes. 
0524 FIG.34 shows the plan view of the specimen used in 
the experiment wherein FIG. 34 shows the ridge region and 
the region of the layer 2125 where the selective oxidation has 
taken place. It should be noted that the region where the 
selective oxidation has taken place is represented in FIG. 34 
by hatching. As can be seen in FIG. 34, the oxidized region is 
formed with a lateral width of 8 um only after 10 minutes of 
selective oxidation process. This rate of oxidation is sufficient 
for practical use of the selective oxidation process for the 
formation of the oxidized regions 2127 in the actual fabrica 
tion process of the laser diode. This rapid oxidation is attrib 
uted to the large diffusion rate of oxygen taking place along 
the surface of the layer 2125. By using the structure of FIG. 
33, the number of the surfaces available for oxygen diffusion 
is increased, and this leads to the increase of the total oxida 
tion rate of the layer 2125. 
0525. It should be noted that the superlattice structure of 
FIG.33 is applicable to any of the embodiments from FIGS. 
22-32. Further, it should be noted that the AlPAS layer in 
the construction of FIG.33 may be replaced with any material 
of the system GaASP, AlInP, GalnP, AlGalnP. GainAsP and 
AlGainAsP provided that the material has a lattice constant 
that eliminates lattice relaxation by the AlAs layer. The layer 
may achieve a lattice matching with the Substrate or accumu 
late a strain compensating the Strain of the AlAs layer. In view 
of the rapid rate of oxidation, the material of AlPAs, which 
contains Al as the only group III element, is most preferable. 
The thickness of the layers constituting the Superlattice struc 
ture of FIG. 33 may be changed variously from the value 
described before. 

Twenty-Fifth Embodiment 
0526 FIG. 35 shows the construction of a vertical-cavity 
laser diode according to a twenty-fifth embodiment of the 
present invention. 
0527. It should be noted that the laser diode of the present 
invention uses a distributed Bragg reflector (DBR) having a 
lattice constant between GaAs and GaP, wherein at least one 
of the two semiconductor layers repeated alternately to form 
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the distributed Bragg reflector, has a composition represented 
as (Ali Ga1-1), In, ASP-1 (0sX is 1, 0.5sys1, 
0<z<1). 
0528. In the system of AlGainAsP, it should be noted that 
the bandgap energy is increased with decrease of the lattice 
constant. See the relationship of FIG.8. Thus, the DBR based 
on the semiconductor layers of the A1GainAsP system and 
having a lattice constant between GaAs and GaP does not 
cause absorption of the optical radiation emitted by the laser 
diode with the wavelength of 630-650 nm. Thereby, the opti 
cal waveguide loss caused by the DBR is minimized. 
0529 Further, in view of the fact that the semiconductor 
layer contains AS, the hillock density or Surface defects 
including Surface undulation of the semiconductor layers 
constituting the DBR is reduced. Thereby, the reflectance of 
the DBR is maximized. 
0530. It is known that, in the semiconductor mixed crystal 
such as AlInP or AlGalnP, there is a tendency of increasing 
hillock density and Surface undulation with increasing Al 
content. While this problem can be reduced, to some extent, 
by using an offset Substrate having a surface offset from the 
(100) Surface or increasing the growth temperature, it has 
been difficult to suppress the hillock formation or surface 
undulation perfectly. 
0531. The present inventor discovered experimentally that 
hillock formation is effectively suppressed by adding. As into 
the mixed crystal of AlGalnP. Thereby, it was also discovered 
that only a small amount of AS, such as 1-2% in terms of the 
atomic fraction for the group V elements, is sufficient for 
achieving the desired effect. In achieving the desired effect, it 
is not necessary to restrict the growth condition or Surface 
orientation of the Substrate. Thus, by using a mixed crystal of 
the AlGainAsP system containing. As for the DBR, it becomes 
possible to improve the quality of the surface of the crystal 
layers forming the DBR. 
0532 FIG. 35 shows the construction of the vertical-cav 

ity laser diode according to the present embodiment. 
0533. Referring to FIG.35, the vertical-cavity laser diode 

is constructed on a substrate 3102 of n-type GaAsP having a 
lattice misfit of -1.4% with respect to a GaAs substrate and 
includes, on the substrate of 3102, a buffer layer 3103 of 
n-type GaAsP a DBR structure 3104 formed of an alternate 
repetition of an n-type AlInAsP layer and an n-type GainAsP 
layer, a cladding layer 3105 of undoped AlGainAsP an active 
layer 3106 of undoped GainP, a cladding layer 3107 of 
undoped AlGainAsP, a DBR structure 3108 formed of an 
alternate repetition of a p-type AlInASP layer and a p-type 
GainAsP layer, a spike elimination layer 3109 of GalnP, and 
a contact layer 3110 of GaAsP wherein the layers 3103-3110 
are deposited consecutively on the substrate 3102 by an 
MOCVD process. 
0534. After the formation of the foregoing layered struc 

ture, a photolithographic patterning process is conducted in 
which the DBR3108, the spike elimination layer 3109 and 
the contact layer 3110 are patterned to form a central post 
structure, wherein the patterning process is, conducted until 
the AlGainAsP cladding layer 3107 is exposed. In the con 
struction of FIG.35, it should be noted that the layers 3103 
3110 achieve a lattice matching with the GaAsP substrate 
3102. 

0535. After the formation of the central post structure, an 
SiO film 3111 is deposited uniformly by a CVD process so as 
to cover the central post structure, and a photolithographic 
patterning process is conducted to form a first contact window 
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in the SiO film 3111 by using a resist mask such that the first 
contact window exposes the GaAsP contact layer 3110 at top 
part of the central post structure. Further, the contact layer 
3110 is patterned by using another photolithographic process 
so as to expose the spike elimination layer 3109 in correspon 
dence to a second contact window formed in the first contact 
window, and a circular resist mask pattern is formed so as to 
cover the spike elimination layer 3109 thus exposed such that 
the circular resist mask patternis located centrally to the spike 
elimination layer 3909 exposed in the second contact win 
dow. 
0536 Further a p-type electrode layer is deposited on the 
structure thus covered by the circular resist mask by an evapo 
ration-deposition process, and a p-type electrode 3112 is 
formed by lifting off the circular resist mask. Further, the 
bottom surface of the GaAsP substrate 3102 is polished and 
an n-type electrode 3101 is deposited by an evaporation 
deposition process. 
0537. Thereafter, athermal annealing process is applied to 
form an ohmic contact at each of the electrodes 3101 and 
3112. 
0538. In the laser diode of the present embodiment, the 
laser beam is emitted from the circular opening formed in the 
p-type electrode 3112. In order to facilitate the emission of 
the laser beam, the GaAsP contact layer 3110, which is not 
transparent to the laser beam, is removed in correspondence 
to the second contact window. 
0539. As is well known in the art, each of the layers con 
stituting the DBR structure 3104 or 3108 has a thickness set to 
be equal to a quarter wavelength of the laser beam produced 
by the laser diode. Further, the cladding structure including 
the cladding layers 3105 and 3107 and the active layer 3106 
is set to be equal to an integer multiple of the half-wavelength 
optical distance. In the case the refractive index of the semi 
conductor layers constituting the DBR structure adjacent to 
the cladding layer is smaller than the refractive index of the 
cladding layer, a full-wavelength optical cavity is formed. In 
the opposite case, a half-wavelength optical cavity is formed. 
0540 According to the present embodiment, the active 
layer 3106 has a composition of GalnP causing a laser oscil 
lation at the wavelength of 635 nm, wherein the active layer 
3106 of such a composition is applied with a compressive 
strain from the substrate 3102. In view of the fact that the 
DBR structure includes, at least a part thereof, a layer of 
AlGanAsP or AlInAsP that contains. As with a concentration 
of 2% with respect to the group V elements. Thus, the hillock 
formation is eliminated on the Surface of the semiconductor 
layers constituting the DBR structure and a uniform inter 
interface is realized. Associated therewith, the characteristic 
of the DBR structure is improved and the performance of the 
laser diode is improved with respect to the oscillation thresh 
old current and device lifetime. 

Twenty-Sixth Embodiment 
0541. Next, a vertical-cavity laser diode according to a 
twenty-sixth embodiment of the present invention will be 
described with reference to FIG. 36. 
0542. In the laser diode of the present embodiment, a DBR 
having a composition between GaAs and GaP is used simi 
larly to the laser diode of FIG.35, except that the active layer 
is formed of GainAsP More specifically, the laser diode of the 
present embodiment uses a composition of Gas In 2AS2P. 
2 (0<ys 1, 0<Zs 1) for the active layer, in combination with 
the DBR having a lattice constant between GaAs and GaP. 
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0543. According to the present embodiment, it is possible 
to control the oscillation wavelength and further the strain of 
the active layer with respect to the DBR structure by control 
ling the As content in the active layer of GanASP. 
0544. It should be noted that the wavelength obtained from 
a mixed crystal of GalnP having a lattice matching composi 
tion to a GaAs substrate is about 650 nm, wherein this wave 
length decreases with decrease of the lattice constant of the 
GalnP mixed crystal. Thus, it is necessary to increase the Ga 
content in Such a GalnPactive layer for increasing the wave 
length, while such an increase of the Ga content causes accu 
mulation of a compressive strain in the active layer. 
0545 Meanwhile, it is possible, in a GainAsP active layer 
to decrease the bandgap energy by increasing the AS content. 
While Such an increase of AS content induces an increase of 
the lattice constant, the increase of the lattice constant can be 
Successfully compensated for by using a GanP composition 
having a small lattice constant as the starting composition of 
the active layer and add AS to Such a starting composition. As 
the change of the bandgap energy induced by AS is much 
larger than the change of the bandgap energy caused by the 
associated lattice strain or a change of Ga content in a GalnP 
mixed crystal, the foregoing construction of the present 
embodiment easily increases the oscillation wavelength and 
achieves minimization of the lattice misfit with respect to the 
DBR. 

0546 For example, it is necessary to use a composition of 
Gao, InossP for obtaining an oscillation wavelength of 660 
nm when a GanPlayer formed on a Gaos Ino P substrate is 
used for the active layer. In this case, a strain of about 1.9% is 
accumulated in the GalnP active layer. In the case of the 
present embodiment, in which a composition of Gas Inc. 
2AS Pos is used for the active layer, it is possible to achieve 
a laser oscillation at the wavelength of 660 nm while reducing 
the strain to one half (/2). 
(0547. Further, the use of the mixed crystal of GainAsP for 
the active layer reduces the problem of deterioration of crystal 
quality. Thus, the present embodiment enables the desired 
oscillation wavelength while reducing the Strain in the active 
layer as compared with the case of achieving the foregoing 
desired oscillation wavelength while using a GalnP mixed 
crystal for the active layer. 
0548. Further, the present embodiment has an advanta 
geous feature in that the lattice constant of the DBR can be set 
close to the lattice constant of GaP. Thereby, the refractive 
index difference between the AlInAsPlayer and the GainAsP 
layer constituting the DBR structure is increased and the 
number of stacks of the layers in the DBR structure can be 
reduced. 

0549 FIG. 36 shows the construction of the vertical-cav 
ity laser diode according to the present embodiment. 
0550 Referring to FIG. 36, the vertical-cavity laser diode 

is constructed on a substrate 3202 of n-type GaAsP having a 
lattice misfit of -2.0% with respect to a GaAs substrate and 
includes, on the substrate of 3202, a buffer layer 3203 of 
n-type GaAsP a DBR structure 3204 formed of an alternate 
repetition of an n-type AlInAsP layer and an n-type GaAsP 
layer, a cladding layer 3205 of undoped AlGainAsP an active 
layer 3206 of undoped GainAsP a cladding layer 3207 of 
undoped AlGainAsP, a DBR structure 3208 formed of an 
alternate repetition of a p-type AlInASP layer and a p-type 
GaAsP layer, a spike elimination layer 3209 of p-type GalnP. 
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and a contact layer 3210 of p-type GaAsP wherein the layers 
3203-3210 are deposited consecutively on the substrate 3202 
by an MOCVD process. 
0551. After the formation of the foregoing layered struc 
ture, a photolithographic patterning process is conducted in 
which the DBR structure 3208, the spike elimination layer 
3209 and the contact layer 3210 are patterned to form a 
central post structure. The patterning process is conducted 
until the AlGainAsP cladding layer 3207 is exposed. 
0552. In the construction of FIG.36, it should be noted that 
the GaAsP layer forming the DBR structures 3204 and 3208 
achieves a lattice matching with the GaAsP substrate 3202. It 
should be noted that the GaAsP layer having such a lattice 
matching composition to the GaAsP substrate 3202 is trans 
parent to the optical radiation produced by the laser diode. 
0553. After the formation of the central post structure, an 
SiO film 3211 is deposited uniformly on the central post 
structure by a CVD process, and a photolithographic pattern 
ing process is conducted to form a first contact window in the 
SiO film 3211 by using a resist mask so as to expose the 
GaAsP contact layer 3210 at top part of the central post 
structure. Further, the contact layer 3210 is patterned by using 
another photolithographic process as to expose the Spike 
elimination layer 3209 in a second contact window formed in 
the first contact window, and a circular resist mask pattern is 
formed so as to cover the spike elimination layer 3209 thus 
exposed by the second contact window. The circular resist 
mask is formed centrally to the second contact window. 
0554 Further a p-type electrode layer is deposited on the 
structure thus covered by the circular resist mask by an evapo 
ration-deposition process, and a p-type electrode 3212 is 
formed by lifting off the circular resist mask. Further, the 
bottom surface of the GaAsP substrate 3202 is polished and 
an n-type electrode 3201 is deposited by an evaporation 
deposition process. 
0555. Thereafter, athermal annealing process is applied to 
form an ohmic contact at each of the electrodes 3201 and 
3212. 

0556. In the laser diode of the present embodiment, the 
laser beam is emitted from the circular opening formed in the 
p-type electrode 3212. In order to facilitate the emission of 
the laser beam, the GaAsP contact layer 3210, which is not 
transparent to the laser beam, is removed in correspondence 
to the second contact window. 

0557. In the laser diode of FIG. 36, it should be noted that 
the active layer 3206 may have the foregoing composition of 
Gaos Ino Aso. Pos. Further, the DBR structure 3204 is 
formed of an alternate stacking of an n-type AlInASP layer 
and an n-type GaAsP layer. The DBR structure 3208, on the 
other hand, is formed of an alternate Stacking of a p-type 
AlInAsP layer and a p-type GaAsP layer. In the illustrated 
example, a composition that achieves a lattice misfit of -2.0% 
with respect to a GaAs substrate is used for the GaAsP sub 
strate 3202 as noted already. 
0558 Similarly to the previous embodiment, the cladding 
layers 3205 and 3207 use a composition of AlGaInAsP that 
contains As. Further, the DBR structures 3204 and 3208 use 
the alternate stacking of the layers of AlInAsP and GaAsP that 
contains. As therein. Thus, the hillock formation at the semi 
conductor layer interface in the DBR structure is effectively 
suppressed. It should be noted that the layer of GaAsP used in 
the DBR structure 3204 or 3208 is transparent to the laser 
oscillation wavelength in the composition that achieves lat 
tice matching with the GaAsP substrate 3202. 
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0559. By using a composition providing an oscillation 
wavelength of 650 nm for the active layer 3206, it is possible 
to reduce the lattice strain of the active layer to be one half 
(/2). Further, it is possible to set the lattice constant of the 
GaAsP substrate 3202 to be close to the lattice constant of 
GaP. Thus, a large refractive index difference is achieved 
between the semiconductor layers constituting the DBR 
structures 3204 and 3208, and the number of stacks in the 
DBR structure can be reduced. 
0560. Because of the reduced strain, the quality of the 
crystal constituting the active layer 3206 is improved. As a 
result of decrease of the number of stacks of the semiconduc 
tor layers in the DBR structures, the resistance of the laser 
diode is also reduced. 

Twenty-Seventh Embodiment 

0561. Next, a vertical-cavity laser diode according to a 
twenty-seventh embodiment of the present invention will be 
described with reference to FIG. 37. 

0562. In the laser diode of the present embodiment, the 
laser diode includes a DBR structure having a lattice constant 
between GaP and GaAs, and a pair of carrier confinement 
layers having a composition represented as Gas InsP 
(0.5<ys 1) are provided so as to sandwich the active layer 
3206 vertically. 
0563 As can be seen in FIG. 8, the bandgap energy 
increases in the material of the system GalnP with decreasing 
lattice constant. Thus, the GalnPlayer having a lattice match 
ing composition with the DBR structure has abandgap energy 
larger than the optical wavelength range of 630-650 nm and 
functions as an effective carrier confinement layer with regard 
to the active layer 3306. 
0564. According to the present embodiment, carrier con 
finement is achieved by a semiconductor layer of GalnP. 
which is free from Al. Thus, the problem of non-optical 
recombination of carriers associated with the use of an Al 
containing layer Such as an A1GanP layer is successfully 
avoided. The laser diode of the present embodiment has an 
advantageous feature of low threshold of laser oscillation. 
0565. Further, the vertical-cavity laser diode of the present 
embodiment uses a semiconductor layer transparent to the 
optical radiation of the wavelength of laser oscillation for the 
contact layer. As a result of use of such a transparent contact 
layer, it becomes possible to eliminate the patterning process 
to remove the contact layer 3110 or 3210 in the previous 
embodiment for forming the optical window. 
0566 FIG. 37 shows the construction of the vertical-cav 

ity laser diode according to the present embodiment. 
0567 Referring to FIG.37, the vertical-cavity laser diode 

is constructed on a substrate 3302 of n-type GaAsP and 
includes, on the substrate of 3302, a buffer layer 3303 of 
n-type GaAsP a DBR structure 3304 formed of an alternate 
repetition of an n-type AlInAsP layer and an n-type GalnP 
layer, a carrier confinement layer 3305 of undoped GalnP, an 
active layer 3306 of undoped GainAsP another carrier con 
finement layer 3307 of undoped GalnP, another DBR struc 
ture 3308 formed of an alternate repetition of a p-type All 
nAsPlayer and a p-type GalnPlayer, and a contact layer 3309 
of p-type GalnP, wherein the layers 3303-3309 are deposited 
consecutively on the substrate 3302 by an MOCVD process. 
0568. After the formation of the foregoing layered struc 

ture, a photolithographic patterning process is conducted in 
which the DBR structure 3308, and the contact layer 3309 are 
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patterned to form a central post structure. The patterning 
process is conducted until the GalnP optical waveguide layer 
3307 is exposed. 
0569. After the formation of the central post structure, an 
SiO film 3310 is deposited uniformly by a CVD process, and 
a photolithographic patterning process is conducted to form a 
contact window in the SiO film 3310 so as to expose the 
GalnP contact layer 3309 in correspondence to the contact 
window at top part of the central post structure. Further, a 
circular resist mask pattern is formed so as to cover the 
contact layer 3309 thus exposed by the contact window, and a 
p-type electrode layer is deposited on the structure thus cov 
ered by the circular resist mask by an evaporation-deposition 
process. By lifting off the circular resist pattern, a p-type 
electrode 3311 is formed in a circular shape. Further, the 
bottom surface of the GaAsP substrate 3302 is polished and 
an n-type electrode 3301 is deposited by an evaporation 
deposition process. 
0570. Thereafter, athermal annealing process is applied to 
form an ohmic contact at each of the electrodes 3301 and 
3311. 
0571. In the laser diode of the present embodiment, the 
laser beam is emitted from the circular opening formed in the 
p-type electrode 3311. Because the GalnP contact layer 3309 
is transparent to the optical beam produced by the laser diode, 
the process for forming an optical window in the contact layer 
3309 as in the case of the previous embodiments of FIGS. 35 
and 36 can be eliminated. 
(0572. It should be noted that the GainP mixed crystal 
having a lattice constant between GaAs and GaP is transpar 
ent to the optical radiation in the wavelength range of 630–660 
nm. Thus, the GalnP contact layer 3309 can be formed with 
lattice matching to the GaAs substrate 3302. Further, it is 
possible to use a GaAsPlayer for the transparent contact layer 
3309, provided that the GaAsP layer has an As content 
smaller than about 0.63. A GaAsP layer containing. As with a 
concentration exceeding the foregoing limit shows an optical 
absorption to the optical beam produced by the laser diode. It 
should be noted that a GaAsP mixed crystal layer having such 
a composition can achieve a lattice matching with the GaAsP 
substrate 3302. In the case of using a GaAsP layer for the 
contact layer 3309, a high-concentration doping can be 
achieved easily. In the event a transparent GaAsPlayer cannot 
be obtained at the lattice matching composition to the DBR 
structure or the Substrate, it is possible to use a transparent 
GaAsP layer accumulating a strain. 
0573. As noted previously, the present embodiment can 
eliminate the problem of non-recombination of carriers as a 
result of use of Al-free composition for the layers 3304 and 
3307 and the efficiency of laser oscillation is improved sub 
stantially. 

Twenty-Eighth Embodiment 
0574 Next, a vertical-cavity laser diode according to a 
twenty-eighth embodiment of the present invention will be 
described with reference to FIG. 38. 
(0575. In the laser diode of the present embodiment that 
uses a DBR structure having a lattice constant between the 
lattice constant of GaAs and the lattice constant of GaP, an 
AlAsPlayer having a composition represented as AlASP 
(0szas 1) is used for constructing the DBR structure. By 
using the AlAsPlayer, it is possible to increase the reflectance 
of the DBR structure. Thereby, the number of stacks of the 
semiconductor layers in the DBR structure can be reduced. In 
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the DBR structure having a lattice constant between GaAs 
and GaP, it is possible to use a mixed crystal layer of AlAsP in 
addition to AlInP. 
0576. It is estimated that a mixed crystal of AlAsP has a 
smaller refractive index as compared with a mixed crystal of 
AlInP of the same lattice constant, due to the reason that the 
mixed crystal of AlASP has a larger bandgap energy between 
ther point of the conduction band and the valence band. As 
the number of stacks of layers in the DBR structure is reduced 
by using the staking structure of AlAsP/GalnP as compared 
with the case of using the stacking structure of AlInP/GalnP. 
it is possible to achieve a high reflectance with a reduced 
number of the stacks and the resistance of the laser diode 
caused by the DBR structure is reduced. In view of the fact 
that the AlAsP mixed crystal is free from In, the relative 
proportion of AS in the mixed crystal is increased and the 
problem of hillock formation is effectively suppressed. 
0577 FIG.38 shows the construction of the vertical-cav 

ity laser diode according to the present embodiment. 
0578 Referring to FIG.38, the vertical-cavity laser diode 

is constructed on a substrate 3402 of n-type GaAsP and 
includes, on the substrate of 3402, a buffer layer 3403 of 
n-type GaAsP a DBR structure 3404 formed of an alternate 
repetition of an n-type AlAsPlayer and an n-type GalnPlayer, 
a carrier confinement layer 3405 of undoped GalnP, an active 
layer 3406 of undoped GainAsP another carrier confinement 
layer 3407 of undoped GainP, another DBR structure 3408 
formed of an alternate repetition of a p-type AlAsPlayer and 
a p-type GalnP layer, and a contact layer 3409 of p-type 
GalnP, wherein the layers 3403-3409 are deposited consecu 
tively on the substrate 3402 by an MOCVD process. 
0579. After the formation of the foregoing layered struc 

ture, a photolithographic patterning process is conducted in 
which the DBR structure 3408 and the contact layer 3409 are 
patterned to form a central post structure. The patterning 
process is conducted until the GalnP optical waveguide layer 
3407 is exposed. 
0580. After the formation of the central post structure, an 
SiO film 3410 is deposited uniformly by a CVD process, and 
a photolithographic patterning process is conducted to form a 
contact window in the SiO, film 3410 so as to expose the 
GalnP contact layer 3409 in correspondence to the contact 
window at top part of the central post structure. Further, a 
circular resist mask pattern is formed so as to cover the 
contact layer 3409 thus exposed by the contact window, and a 
p-type electrode layer is deposited on the structure thus cov 
ered by the circular resist mask by an evaporation-deposition 
process. By lifting off the circular resist pattern, a p-type 
electrode 3411 is formed in a circular shape. Further, the 
bottom surface of the GaAsP substrate 3402 is polished and 
an n-type electrode 3401 is deposited by an evaporation 
deposition process. 
0581. Thereafter, athermal annealing process is applied to 
form an ohmic contact at, each of the electrodes 3401 and 
3411. 

0582. In the vertical-cavity laser diode of FIG. 38, the 
AlAsPlayer and the GalnPlayer constituting the DBR struc 
ture 3404 or 3408 have a lattice matching composition to the 
GaAsP substrate 3402. As the AlAsP layer has a smaller 
refractive index as compared with the AlInPlayer of the same 
lattice constant, it is possible to increase the refractive index 
difference or step formed between the AlAsP layer and the 
GalnPlayer in the DBR structure 3404 or 3408. As a result, 
the number of stacks of layers in the DBR structures 3404 and 
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3408 is reduced and the resistance of the laser diode is 
reduced accordingly. In the DBR structure 3404 or 3408, it 
should be noted that the AlAsP layer may be used together 
with a semiconductor layer other than GalnP. For example, 
the AlAsP layer may be used together with a layer of 
AlGaAsP to form the DBR structure. In this case, the super 
lattice structure of the DBR structure 3404 or 3408 is easily 
formed by an MOCVD process while merely switching the 
Supply of gaseous source of Ga. 

Twenty-Ninth Embodiment 

0583. Next, a vertical-cavity laser diode according to a 
twenty-ninth embodiment of the present invention will be 
described with reference to FIG. 39. 

0584. In the present embodiment, the laser diode includes 
a current-confinement structure formed in a part of the DBR 
structure, wherein the current-confinement structure is 
formed in the DBR structure by a selective oxidation process 
of an AlASP layer having a composition represented as 
AlAssPs (0szss 1). The AlAsP layer has a low refractive 
and forms the DBR structure together with another semicon 
ductor layer of a high refractive index. 
0585. It should be noted that the foregoing AlAsPlayer is 
not necessarily be the only one low-refractive-index layer of 
the DBR structure. For example, the AlAsP layer may be 
formed only in the vicinity of the active layer. In this case, the 
low-refractive-index layer in the region away from the active 
layer may be formed of AlInAsP. By doing so, the current 
confinement structure can be formed without increasing the 
resistance of the laser diode. 
0586. The AlAsP layer is not required to achieve a lattice 
matching with other layers of the DBR structure but may 
accumulate a strain therein. As the AlAsPlayer is used only in 
a part of the DBR structure, there occurs no serious degrada 
tion of crystal quality even when the AlAsPlayer accumulates 
a strain. 
0587. According to the present embodiment, a vertical 
cavity laser diode having a reduced threshold current is 
obtained. Because of the use of AlAsP for the part of the DBR 
structure where the selective oxidation process is to be con 
ducted, the selective oxidation process proceeds rapidly. It 
should be noted that the layer of AlAsP contains Al as the only 
group III element. It should be noted that the oxide layer 
formed as a result of the oxidation of Albecomes an insulator. 
Thereby, drive current of the laser diode is caused to flow 
through the unoxidized region encircled by the insulating 
region thus oxidized. 
0588 FIG. 39 shows the construction of the vertical-cav 
ity laser diode according to the present embodiment. 
0589 Referring to FIG. 39, the vertical-cavity laser diode 

is constructed on a substrate 3502 of n-type GaAsP and 
includes, on the substrate of 3502, a buffer layer 3503 of 
n-type GaAsP a first DBR structure 3504 formed of an alter 
nate repetition of an n-type AlAsP layer and an n-type GalnP 
layer, a carrier confinement layer 3505 of undoped GalnP, an 
active layer 3506 of undoped GainAsP another carrier con 
finement layer 3507 of undoped GalnP, a second DBR struc 
ture 3508 formed of an alternate repetition of a p-type AlAsP 
layer and a p-type GalnPlayer, a third DBR structure 3509 
formed of an alternate repetition of a p-type AlInAsP layer 
and a p-type GalnPlayer, and a contact layer 3510 of p-type 
GalnP, wherein the layers 3403-3510 are deposited consecu 
tively on the substrate 3502 by an MOCVD process. 
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0590. After the formation of the foregoing layered struc 
ture, a photolithographic patterning process is conducted in 
which the DBR structure 3508, 3509 and the contact layer 
3510 are patterned to form a central post structure. The pat 
terning process is conducted until the GalnP optical 
waveguide layer 3507 is exposed. 
0591. After the formation of the central post structure, a 
selective oxidation process is conducted in a water vapor 
atmosphere to induce a selective oxidation of the AlAsPlayer 
constituting the second DBR structure 3508. The oxidation of 
the AlAsP layer proceeds laterally into the interior of the 
central post structure in the DBR structure 3508 along the 
AlAsPlayers therein, and there is formed an oxidized region 
3508A such that the oxidized region 3508A surrounds the 
central, unoxidized region that provides the current path of 
the drive current. 
0592. Further, an SiO, film 3511 is deposited uniformly by 
a CVD process, and a photolithographic patterning process is 
conducted to form a contact window in the SiO film 3511 so 
as to expose the GalnP contact layer 3510 in correspondence 
to the contact window at top part of the central post structure. 
Further, a circular resist mask pattern is formed so as to cover 
the contact layer 3510 thus exposed by the contact window, 
and a p-type electrode layer is deposited on the structure thus 
covered by the circular resist mask by an evaporation-depo 
sition process. By lifting off the circular resist pattern, a 
p-type electrode 3512 is formed in a circular shape. Further, 
the bottom surface of the GaAsP substrate 3502 is polished 
and an n-type electrode 3501 is deposited by an evaporation 
deposition process. 
0593. Thereafter, athermal annealing process is applied to 
form an ohmic contact at each of the electrodes 3501 and 
3512. 
0594. In the present embodiment, the process of selective 
oxidation for forming the oxidized region 3508A is substan 
tially facilitated by forming the second DBR structure 3508 
by a repetitive and alternate stacking of AlAsP and GalnP 
layers. While it is possible to form the third DBR structure 
3509 also to have the AlAsP/GainP structure similarly to the 
second DBR structure, it is advantageous to use the AlInAsP/ 
GalnP stacking structure for the third DBR structure 3509 for 
minimizing the resistance of the laser diode. 
0595. Further, it is possible to use a stacking structure of 
AlAS/Ganp for the Second DBR Structure 3508. 
0596. According to the present embodiment, a current 
confinement structure is formed inside the DBR structure and 
the threshold current of laser oscillation can be reduced sub 
stantially. 

Thirtieth Embodiment 

0597 Next, a vertical-cavity laser diode according to a 
thirtieth embodiment of the present invention will be 
described with reference to FIG. 40. 
0598. In the present embodiment, the vertical-cavity laser 
diode includes a DBR structure similarly to the vertical 
cavity laser diodes of the previous embodiments except that 
there is interposed a current confinement structure of an 
AlAsPlayer between the DBR structure and the active layer, 
wherein the AlAsP layer has a composition represented as 
AlASP (Olszes 1) and includes therein an insulator 
region formed as a result of selective oxidation. 
0599. In the present embodiment, it is not necessary for the 
AlAsP layer to achieve a lattice matching to the DBR struc 
ture but may accumulate a strain. Becausea sufficient current 
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confinement effect is obtained with the thickness of only 
10-20 nm for the AlAsPlayer, it is also possible to use an AlAs 
layer in place of the AlASPlayer without causing any serious 
deterioration of crystal quality. 
0600. In the laser diode of the present embodiment, it is 
preferable to provide the current-confinement structure of 
AlAsP as close to the active layer as possible for eliminating 
unwanted spreading of the drive current after passing through 
the current-confinement structure. The oxidized region thus 
formed as a result of the selective oxidation process has a 
reduced refractive index, and the current-confinement struc 
ture forms also an optical confinement structure, which is 
effective for lateral mode control of the laser oscillation. 

0601 FIG. 40 shows the construction of the vertical-cav 
ity laser diode according to the present embodiment. 
0602 Referring to FIG. 40, the vertical-cavity laser diode 

is constructed on a substrate 3602 of n-type GaAsP and 
includes, on the substrate of 3602, a buffer layer 3603 of 
n-type GaAsP a DBR structure 3604 formed of an alternate 
repetition of an n-type AlAsPlayer and an n-type GalnPlayer, 
a first carrier confinement layer 3605 of undoped GalnP, an 
active layer 3606 of undoped GainAsP a second carrier con 
finement layer3607 of undoped GainPato-be-oxidized layer 
3608 of p-type AlAsP a third optical confinement layer 3609 
of undoped GalnP, a contact layer 3610 of p-type GalnP, and 
another DBR structure 3611, wherein the layers 3603-3611 
are deposited consecutively on the substrate 3602 by an 
MOCVD process. 
0603 After the formation of the foregoing layered struc 
ture, a photolithographic patterning process is conducted in 
which the DBR structure 3611 is patterned to form a central 
post structure. The patterning process is conducted until the 
GalnP contact layer 3610 is exposed. 
0604. After the formation of the central post structure, the 
central post structure is protected by a circular resist pattern, 
and the GalnP contact layer 3610, the GalnP carrier confine 
ment layer 3609 and the AlAsP to-be-oxidized layer 3608 are 
patterned consecutively until the carrier confinement layer 
3607 is exposed, while using the circular resist pattern as a 
mask. 

0605 Next, the structure thus obtained is subjected to a 
selective oxidation process in a water vapor atmosphere, and 
there is formed an oxidized region 3608A in the to-be-oxi 
dized layer 3608 as a result of the oxidation that proceeds 
toward the interior of the layer 3608, starting from the outer 
most, exposed surface. Thereby, the oxidized region 3608A 
acts as a current-blocking region and there is formed a cur 
rent-confinement structure within the to-be-oxidized layer 
3608. 

0606. Further, an SiO, film 3612 is deposited uniformly by 
a CVD process, and a photolithographic patterning process is 
conducted to form a contact window in the SiO film 3612 so 
as to expose DBR structure 3611 and a part of the p-type 
GalnP contact layer 3610. Further, a resist mask pattern is 
formed so as to cover the DBR structure 3611 and a p-type 
electrode layer is deposited on the structure thus covered by 
the resist mask pattern by an evaporation-deposition process. 
By lifting off the resist mask pattern, a p-type electrode 3613 
is formed in contact with the contact layer 3610. Further, the 
bottom surface of the GaAsP substrate 3602 is polished and 
an n-type electrode 3601 is deposited by an evaporation 
deposition process. 
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0607. Thereafter, athermal annealing process is applied to 
form an ohmic contact at each of the electrodes 3601 and 
3613. 
0608. As noted before, the vertical-cavity laser diode of 
FIG. 40 includes a current-confinement structure formed as a 
result of selective oxidation process of the A1GaP to-be-oxi 
dized layer 3608. As the layer 3608 is formed close to the 
active layer 3606, the carriers corresponding to the drive 
current of the laser diode are injected into the active layer 
3606 with minimum lateral spreading, and the efficiency of 
laser oscillation is improved substantially. Further, the oxi 
dized region 3608A and the unoxidized region of the layer 
3608 form an optical confinement structure effective for lat 
eral mode control of laser oscillation. Thereby, the vertical 
cavity laser diode of the present embodiment oscillates stably 
at a single lateral mode. 
0609. It should be noted that a thickness of 10-20 nm is 
sufficient for the AlAsP to-be-oxidized layer 3608. Further, 
AlAs may be used for the layer 3608 without causing a 
serious deterioration of crystal quality. 
0610. It should be noted that the foregoing embodiments 
of FIGS. 35-40 can be constructed also on a GanP substrate. 
Such a GalnP substrate can be formed by depositing a com 
position-graded layer on a GaAs Substrate by a vapor phase 
epitaxial process. 

Thirty-First Embodiment 
0611 Next, a vertical-cavity laser diode according to a 

thirty-first embodiment of the present invention will be 
described with reference to FIG. 31. 
0612. In the present embodiment, the vertical-cavity laser 
diode uses a pair of DBR structures having a lattice constant 
between GaAs and GaP, wherein the vertical-cavity laser 
diode is constructed Such that an output laserbeam is obtained 
through the DBR structure located closer to the substrate. The 
Vertical-cavity laser diode of Such a construction is suitable 
for a flip-chip mounting, as the laser beam is emitted in the 
upward direction in the state that the laser diode is mounted 
on a Support Substrate Such as a printed circuit board in a 
face-down state or junction-down state. 
0613 FIG. 41 shows the construction of the vertical-cav 
ity laser diode according to the present embodiment. 
0614 Referring to FIG. 41, the vertical-cavity laser diode 

is constructed on a substrate 3813 of n-type GaP carrying 
thereon a composition-graded layer 3814 of n-type GaAsP 
formed by a vapor phase epitaxial process, wherein the com 
position-graded layer 3814 changes a composition thereof 
from GaP to GaAsP. 
0615. The laser diode includes, on the composition 
graded layer 3814, a buffer layer 3803 of n-type GaAsP a 
DBR structure 3804 formed of an alternate repetition of an 
n-type AlInAsP layer and an n-type GalnPlayer, a carrier 
confinement layer 3805 of undoped AlGainAsP an active 
layer 3806 of undoped GainAsP another carrier confinement 
layer 3807 of undoped GainP, a DBR structure 3808 formed 
of an alternate repetition of a p-type AlInAsP layer and a 
p-type GalnPlayer, a spike elimination layer 3809 of p-type 
GalnP, and a contact layer3810 of p-type GaAsP, wherein the 
layers 3803-3810 are deposited consecutively on the compo 
sition-graded layer 3814 by an MOCVD process. 
0616. After the formation of the foregoing layered struc 

ture, a photolithographic patterning process is conducted in 
which the DBR3808, the spike elimination layer 3809 and 
the contact layer 3810 are patterned to form a central post 
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structure while using a resist mask. The patterning process is 
conducted until the GalnP carrier confinement layer 3807 is 
exposed. 
0617. After the formation of the central post structure, an 
SiO film 3811 is deposited uniformly by a CVD process, and 
a photolithographic patterning process is conducted to form a 
contact window in the SiO film 3811 by using a resist mask 
so as to expose the GaAsP contact layer 3810, and a p-type 
electrode 3812 is deposited by an evaporation-deposition pro 
CCSS, 

0618. In the present embodiment, the bottom surface of 
the GaAsP substrate 3802 is polished and a resist pattern is 
provided so as to cover the region aligned with the post 
structure, and an n-type electrode is deposited by an evapo 
ration-deposition process. Further, by lifting off the resist 
pattern, there is formed an n-type electrode 3801 such that the 
n-type electrode 3801 has an optical window in correspon 
dence to the part where the resist pattern has been provided. 
0619. Thereafter, athermal annealing process is applied to 
form an ohmic contact at each of the electrodes 3801 and 
3812. 
0620 Finally, an SiO, anti-reflection coating 3815 is pro 
vided on the bottom surface of the substrate 3801 in corre 
spondence to the optical window with a thickness corre 
sponding to a quarter wavelength of the laser oscillation 
wavelength. 
0621. In the construction of FIG. 41, it should be noted that 
the GaP substrate 3813 and the GaAsP composition-graded 
layer 3814 thereon are transparent to the optical radiation of 
the oscillation wavelength of the laser diode of 635 nm. Thus, 
it is not necessary to remove a part of the substrate 3813 or 
3814 to provide a passage for the output optical beam. 
Thereby, the fabrication process of the laser diode is simpli 
fied. 
0622. In the present embodiment, it is also possible to use 
other absorption-free substrates such as GalnP substrate for 
the substrate 3813. Further, the process of forming the com 
position-graded layer 3814 on the substrate 3813 is not lim 
ited to a vapor phase epitaxial process. 

Thirty-Second Embodiment 
0623) Next, a vertical cavity laser diode according to a 
thirty-second embodiment of the present invention will be 
described with reference to FIG. 42. 
0624. In the present embodiment, the vertical-cavity laser 
diode includes a pair of DBR structures having a lattice con 
stant between GaAs and GaP, wherein the laser diode is 
designed to produce the output optical beam through the DBR 
structure located closer to the Substrate while using simulta 
neously a GaAsP substrate. 
0625. In the present embodiment, a part of the GaAsP 
substrate is etched away for providing the path of the output 
optical beam, wherein the process of etching the GaAsP 
substrate is facilitated in the present embodiment by interpos 
ing a GainAsP etching stopper layer between the GaAsP 
substrate and the DBR structure located closer to the GaPAs 
substrate. 
0626. It should be noted that a GaAsP mixed crystal is not 
transparent to the optical radiation of the wavelength of 630 
660 nm when the As content is equal to or larger than 0.63. 
Thus, there can be a case in which the GaAsP substrate 
absorbs the output laser beam in the vertical-cavity laser 
diode of the type that emits the output laser beam through the 
DBR structure located closer to the GaAsP substrate, depend 
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ing on the composition of the GaAsP substrate. Thus, it is 
necessary in Such a vertical-cavity laser diode to remove a 
part of the GaAsP substrate for allowing the laser beam to go 
out without absorption. 
0627. While such an etching of the GaAsP substrate can be 
achieved by using a Sulfuric acid etchant, the Sulfuric acid 
etchant, reacting upon a mixed crystal of AlGanASP, can act 
on the DBR structure depending on the composition of the 
DBR structure. On the other hand, a mixed crystal of Gain 
ASP containing AS with a concentration Smaller than the AS 
content of the GaAsP substrate, a high selectivity of etching is 
realized with respect to the GaAsP substrate. Thus, the 
present embodiment uses a GanASP mixed crystallayer as an 
etching stopper layer in the process of forming an opening in 
the GaAsP Substrate as a passage of the output laser beam. In 
view of the fact that the selectivity of etching increases with 
decreasing AS content, it is possible to use a mixed crystal 
composition of GalnP for the etching stopper layer. 
0628 FIG. 42 shows the construction of the vertical-cav 
ity laser diode according to the present embodiment. 
0629 Referring to FIG. 42, the vertical-cavity laser diode 

is constructed on a substrate 3902 of n-type GaAsP wherein 
the laser diode includes, on the GaAsP substrate 3902, a 
buffer layer 3903 of n-type GaAsP an etching stopper layer 
3912 of n-type GainP, a DBR structure 3904 formed of an 
alternate repetition of an n-type AlInASP layer and an n-type 
AlGaAsPlayer, a carrier confinement layer 3905 of undoped 
GalnP, an active layer 3906 of undoped GainAsP another 
carrier confinement layer 3907 of undoped GainP, a DBR 
structure 3908 formed of an alternate repetition of a p-type 
AlInAsP layer and a p-type AlGaAsP layer, a spike elimina 
tion layer 3909 of p-type GalnP, and a contact layer 3910 of 
p-type GaAsP wherein the foregoing layers 3903-3910, 
including the layer 3912, are deposited consecutively on the 
substrate 3902 by an MOCVD process. 
0630. In the present embodiment the n-type GaASP sub 
strate 3902 has a composition set such that a lattice strain of 
-1.4% is accumulated with respect to GaAs. Further, the 
active layer3906 of GainAsP has a composition that provides 
a laser oscillation wavelength of 650 nm. Further, it should be 
noted that the DBR Structure 3904 uses AlInASP for the 
low-refractive-index layer and AlGaAsP for the high-refrac 
tive-index layer. 
0631. After the formation of the foregoing layered struc 

ture, a photolithographic patterning process is conducted in 
which the DBR3908, the spike elimination layer 3909 and 
the contact layer 3910 are patterned to form a central post 
structure while using a resist mask. The patterning process is 
conducted until the GalnP carrier confinement layer 3907 is 
exposed. 
0632. After the formation of the central post structure, an 
SiO film 3910 is deposited uniformly by a CVD process, and 
a photolithographic patterning process is conducted to form a 
contact window in the SiO film 3910 by using a resist mask 
so as to expose the GaAsP contact layer 3910, and a p-type 
electrode 3111 is deposited by an evaporation-deposition pro 
CCSS, 

0633. In the present embodiment, the bottom surface of 
the GaAsP substrate 3902 is polished and a resist pattern is 
provided so as to expose the region aligned with the post 
structure, and a wet etching process is applied to the GaAsP 
substrate 3902 while using a sulfuric acid etchant. Thereby, 
the wet etching process proceeds until the GalnP etching 
stopper layer 3912 is exposed, wherein the etching stops 
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spontaneously upon the exposure of the GalnP etching stop 
per layer 3912 due to the selectivity of the GalnP composi 
tion. As a result of the wet etching process, an opening is 
formed in the GaAsP substrate 3902 as the output path of the 
laser beam. 
0634. After the step of forming the opening in the GaAsP 
substrate 3902, an n-type electrode is deposited by an evapo 
ration-deposition process on the bottom surface of the GaAsP 
substrate 3902. Further, a thermal annealing process is 
applied to form an ohmic contact at each of the electrodes 
3901 and 3911. 
0635. By using the etching stopper layer 3912, the etching 
process for forming the opening in the GaAsP substrate 3902 
is controlled exactly and the laser diode can be produced with 
little variation. 
0636. As noted previously, a GainAsP mixed crystal can 
be used for the etching stopper layer 3912. 

Thirty-Third Embodiment 
0637. The laser diodes of the present invention described 
heretofore with reference to FIGS. 9-42 can be used for 
various applications. 
0638 FIG. 43 shows the construction of a xerographic 
printer that uses the laser diode according to any of the 
embodiments of the present invention. 
0639 Referring to FIG. 43, the xerographic printer 
includes a sheet feed path 4002 including guide rollers 
4002a-4002d for feeding a sheet from a sheet feed stack 4001 
one by one to a sheet recovery tray 4003. 
0640. In correspondence to an intermediate location on the 
sheet feed path 4002 between the sheet feed stack 4001 and 
the recovery tray 4003, there is provided a photosensitive 
medium 4004, which may be a photosensitive drum or a 
photosensitive belt, and a laser diode array 4005 writes an 
image to be recorded on the sheet by way of an optical beam, 
wherein the laser diode array may include the visible to red 
wavelength laser diode described with reference to any of the 
embodiments of FIGS. 9-42 as an optical source. 
0641. The photosensitive medium 4004 is electrically 
charged by an electric charger 4004A, and an electrostatic 
latent image is formed on the charged Surface of the photo 
sensitive medium 4004 in correspondence to the part irradi 
ated by the laser beam. 
0642. The electrostatic latent image thus formed on the 
photosensitive medium 4004 is developed by toner powers 
held in a toner cartridge 4006 and a toner image is formed on 
the photosensitive medium 4004 in correspondence to the 
toner image. The toner image thus formed on the photosen 
sitive medium 4004 is then transferred to the sheet on the 
sheet feed path 4002 by urging the sheet strongly to the 
photosensitive medium 4004 by an urging roller 4004B. 
0643. The recording sheet thus formed with the toner 
image is then fixed by a fixing unit and is forwarded to the 
sheet recovery tray. 
0644. In the Xerographic image recording apparatus, writ 
ing of the electrostatic latent image onto the photosensitive 
medium 4004 can be achieved by using a red color beam, 
which is advantageous for high-speed and high-resolution 
image recording. 

Thirty-Fourth Embodiment 
0645 FIG. 44 shows the construction of an optical disk 
drive according to a thirty-fourth embodiment of the present 
invention. 
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0646 Referring to FIG. 44, the optical disk drive includes 
a rotary optical disk 5001 and an optical head 5002 driven by 
a driving mechanism 5003 so as to scan over the surface of the 
rotary optical disk 5001, wherein the optical head 5002 
includes a red-wavelength laser diode 5002a according to any 
of the embodiments described heretofore with reference to 
FIGS. 9-42. 
(0647. The laser beam produced by the laser diode 5002a is 
directed to the surface of the rotary optical disk5001 via a lens 
5002a, a half-transparent mirror 5002c and mirrors 5002d 
and 5002e, while the optical beam reflected by the optical 
disk 5001 is guided to a photo-detector 5002fvia the mirrors 
5002e and 5002d, the half-transparent mirror 5002c and the 
mirror 5002g. 
0648. By using the red-wavelength laser diode of the pre 
vious embodiments, optical reading and optical writing 
becomes possible with a small drive current. 

Thirty-Fifth Embodiment 

0649 FIG.45 shows the construction of an optical module 
according to a thirty-fifth embodiment of the present inven 
tion. 
0650 Referring to FIG. 45, the optical module includes, in 
a module housing 6001, a lens 6002 and a laser diode 6003 in 
optical alignment with the lens 6002, wherein the laser diode 
6003 may be any of the red-wavelength laser diode described 
in the previous embodiments with reference to FIGS. 9-42. 
Further, the optical module includes a plastic optical fiber 
6004 in optical alignment with the lens 6002, and hence the 
laser diode 6003. Thereby, the laser beam produced by the 
laser diode 6003 is injected into the plastic optical fiber 6004. 
0651. According to the optical module of the present 
embodiment, a laser beam in the wavelength range of about 
650 nm is produced efficiently by using a red-wavelength 
laser diode explained before, wherein it should be noted that 
this wavelength of about 650 nm corresponds to the minimum 
transmission loss of PMMA which is used extensively for the 
material of a plastic optical fiber. 
0652 Thus, the optical module of the present embodi 
ment, and hence the red-wavelength laser diode of the present 

Aug. 5, 2010 

invention, is expected to play an important role in a low-cost, 
short-distance optical network. 
0653. While it is illustrated in FIG. 45 that the laser diode 
6003 is an edge-emission type laser diode, the vertical-cavity 
laser diode explained with reference to FIGS. 35-42 is also 
applicable to the optical module of FIG. 45. 
0654 Further, the present invention is by no means limited 
to the embodiments described heretofore, but various varia 
tions and modifications may be made without departing from 
the scope of the invention. 

1-100. (canceled) 
101. A vertical-cavity laser diode, comprising: 
a Substrate; 
an active layer provided over said Substrate, said active 

layer emitting optical radiation; and 
a distributed Bragg reflector provided over said substrate in 

an optical path of said optical radiation emitted from 
said active layerina direction perpendicular to a plane of 
said active layer, said distributed Bragg reflector having 
a lattice constant between GaAs and GaP. 

said distributed Bragg reflector including therein a semi 
conductor layer having a composition represented as 
A1AS-P1-4 (0s as 1). 

102. The vertical-cavity laser diode of claim 1, wherein 
said semiconductor layer is laterally sandwiched by a pair of 
oxide regions formed coplanar to said semiconductor layer, 
said semiconductor layer and said pair of oxide regions form 
ing a current confinement structure. 

103. The vertical-cavity laser diode of claim 1, wherein 
said substrate carries an optical window at a bottom surface 
thereof. 

104. The vertical-cavity laser diode of claim 1, wherein 
said Substrate has a composition of GaAsP and wherein said 
vertical-cavity laser diode further includes a GainAsP layer 
between said substrate and said distributed Bragg reflector. 

105. The vertical-cavity laser diode of claim 1, wherein 
said Substrate has a composition of GaAsP and wherein said 
vertical-cavity laser diode includes a GalnP layer between 
said semiconductor Substrate and said distributed Bragg 
reflector. 


